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Abstract: We set up the bootstrap procedure for supersymmetric Galilean Conformal
(SGC) field theories in two dimensions by constructing the SGC blocks in the N = 1 and
two possible N = 2 extensions of the Galilean conformal algebra. In all analyzed cases, we
present the bootstrap equations by crossing symmetry of the four point function. In addition,
we compute the global SGC blocks analytically by solving the differential equations obtained
by acting with the Casimirs of the global subalgebras inside the four point function. These
global blocks agree with the general SGC blocks in the limit of large central charge. We
comment on possible applications to supersymmetric BMS3 invariant field theories and flat
holography.
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1 Introduction
Conformal invariance is the most restrictive symmetry one can impose on a given relativistic
(Lorentz invariant) quantum field theory [1]. In the absence of a physical scale the relevant
physics is determined universally and is fixed by the different possible realizations of scale
invariance. A systematic and non-perturbative method to find out which realizations of
conformal symmetry are possible exists in the bootstrap program [2, 3]. The idea is to use
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unitarity, associativity of the operator algebra and crossing symmetry to constrain the possible
sets of consistent conformal field theories (CFTs). This program has been successfully applied
to minimal models in 2 dimensions and the (supersymmetric) Liouville model [4–6]. A revival
of this approach followed [7, 8] and the development of new techniques to constrain the space
of possible CFTs in higher dimensions [9] and solve the 3D Ising model [10] (see [11–13] for
modern reviews and references).
In the context of the AdS3/CFT2 correspondence, bootstrap techniques for CFTs with
large central charge c can provide valuable insights into quantum gravitational effects [14–23].
The conformal blocks, which are the atomic constituents of CFT correlators and the basic
ingredient for the conformal bootstrap, have a gravitational interpretation as the sum over
exchanges of wave functions of primary objects in AdS3, including AdS3 gravitons. A detailed
understanding of the blocks beyond the semi-classical limit would hence provide a way to sum
graviton scattering processes [24–26].
The bootstrap philosophy is not unique to relativistic CFTs. The same arguments lead
to constraints on theories which possess a certain version of scale invariance, but are not
invariant under (the full set of) Lorentz transformations. Examples of these kind of theories
are the non- and ultra relativistic limits of CFTs [27–31] and warped conformal field theories
(WCFTs) [32, 33], for which the bootstrap program has been formulated in [34, 35] and
[36, 37] respectively. In this work we will be interested in furthering the understanding of
non- and ultra-relativistic limits of supersymmetric conformal field theories in two dimensions
by computing the analogue of the conformal blocks in this class of theories.
The motivation for considering (supersymmetric) non- and ultra-relativistic conformal
field theories is fourfold. First of all, non-relativistic Galilean (super)conformal symmetries
arise on the worldsheet of (super)string theory in the tensionless limit [38–41]. Secondly,
just like conformal invariance appears at the fixed point in the RG flow of relativistic QFTs,
Galilean conformal invariance is expected to arise at the fixed point for non-relativistic quan-
tum field theories (or for effective field theories when velocities are small compared to the
speed of light). A thorough understanding of Galilean conformal QFTs is therefore crucial
to describe universal behavior in non-relativistic quantum field theories. A third motivation
is that very little explicit theories possessing this symmetry are known. Besides the afore-
mentioned worldsheet theories of the tensionless string, we are only aware of the free scalar
theory of ref. [42], a free fermion (from the supersymmetric generalization of the scalar) [43]
and an ultra-relativistic version of Liouville theory [44]. It is conceivable that a successful
implementation of the non- and ultra-relativistic conformal bootstrap program may lead to
novel theories possessing these symmetries. Last but not least, our work is motivated by
possible applications to a flat space holographic correspondence in 2+1 dimensions. We will
elaborate on this a bit further.
The reason why the non- and ultra-relativistic limits of CFTs can to some extend be
considered on the same footing is that in two spacetime dimensions the two symmetry algebras
are isomorphic. The non-relativistic limit of the Virasoro algebra is given as an I˙no¨nu¨-Wigner
contraction leading to the two dimensional Galilean conformal algebra (GCA2). The ultra-
relativistic limit is defined as a different contraction, but it leads to the same algebra. It
is this limit which is relevant in the context of flat space holography because it gives the
asymptotic symmetry algebra of flat space, the analogue of the Bondi-Metzner-Sachs algebra
[45, 46] in three dimensions; the BMS3 algebra [47, 48].
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The isomorphism between the non- and ultra-relativistic limit of the conformal algebra
in two dimensions is perhaps not surprising since in two dimensions swapping time with
the one spatial direction interchanges non- and ultra-relativistic physics. However for an
implementation of the symmetry at the quantum level representations become important. In
that sense the differences between GCA2 and BMS3 could become manifest given that the
non- and ultra-relativistic limits of highest-weight representations of the Virasoro algebra are
not the same [49]. Specifically, the non-relativistic limit leads to non-unitary highest-weight
representations of GCA2 while the ultra-relativistic limit instead leads to the unitary induced
representations of BMS3 [50].
Contrary to what one could expect, the non-unitary highest-weight representation have
proven very effective in flat space holography computations. When using these representa-
tions, one can match the entropy of flat space cosmological solutions with a modified Cardy
formula [51, 52], stress-tensor correlators [53, 54] and entanglement entropy [55, 56]. Re-
cently it was shown that also the two and three point functions of generic GCA primaries,
the Poincare´ blocks [57] and the BMS3 blocks [58] match with geodesic Witten diagrams in
asymptotically flat spacetimes. Using induced representations the only result known to us
are the characters of BMS3 [59] but besides this it is not known how to compute correla-
tors, entanglement entropy or the BMS analogue of the conformal blocks. So here we will
keep using highest-weight representations and refer to the algebra as ‘Galilean conformal’
instead of BMS. Our main results, however, are expected to also be applicable to BMS3
in the highest-weight representations by the above considerations. The interesting question
on how to reproduce these results in flat holography using induced (or any other unitary)
representation of BMS3 we will leave for future work.
In this paper, we will compute the non-relativistic version of superconformal blocks [6,
60–70] or the supersymmetric Galilean conformal (SGC) blocks. Various supersymmetric
extensions of GCA2/BMS3 symmetries and gravitational bulk theories with these asymptotic
symmetries have been considered in [71–81]. Here we will focus on setting up the bootstrap
procedure in the N = 1 and two possible N = 2 supersymmetric extensions which we define
from a contraction of the N = (1, 1) superconformal algebra in the next subsection. In each
of these cases we will find explicit expressions for the global blocks (for light operators in the
limit of large central charges) and formulate the bootstrap equations.
1.1 Non- and ultra-relativistic superconformal algebras
Before we begin with the intrinsic analysis we recall how the two N = 2 symmetry algebras
we consider in this paper follow from non- and ultra-relativistic limits of the N = (1, 1) su-
perconformal algebra [73, 78]. The superconformal algebra consists out of two super Virasoro
algebras
[L±n ,L±m] = (n−m)L±n+m + c
±
12n(n
2 − 1)δn+m,0 , (1.1a)
[L±n ,G±r ] = (n2 − r)G±n+r , (1.1b)
{G±r ,G±s } = 2L±r+s + c
±
3 (r
2 − 14)δr+s,0 . (1.1c)
For the bosonic part of the algebra we have two different ways to contract the generators,
one corresponding to the non-relativistic limit and one to the ultra-relativistic limit [31, 48].
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They are defined by taking → 0 after redefining the Virasoro generators as:
non-relativistic: Ln = L+n + L−n , Mn = (L+n − L−n ) , (1.2a)
ultra-relativistic: Ln = L+n − L−−n , Mn = (L+n + L−−n) . (1.2b)
Note that in the ultra-relativistic limit the raising and lowering operators mix in the contrac-
tion. This is the reason why the highest-weight representations of Virasoro do not remain
highest-weight in this limit. Instead they become massive rest-frame states which are anni-
hilated by all Mn with n 6= 0. Acting with any Ln for n 6= 0 builds up the BMS module of
[49].
After taking → 0 the bosonic part reduces to the GCA2/BMS3 algebra
[Ln, Lm] = (n−m)Lm+n + cL
12
n(n2 − 1)δm+n,0 , (1.3a)
[Ln,Mm] = (n−m)Mm+n + cM
12
n(n2 − 1)δm+n,0 , (1.3b)
[Mn,Mm] = 0 , (1.3c)
with central charges cM = (c
+ − c−) and cL = c+ + c− in the non-relativistic limit and
cM = (c
+ + c−) and cL = c+ − c− for the ultra-relativistic case.1 The difference between
GCA2 and BMS3 exists in how the generators act as spacetime symmetries. In the case
of GCA2 we are considering two dimensional field theories invariant under time-dependent
accelerations g(t) and time reparametrizations f(t) acting on the coordinates as
t→ f(t) , x→ ∂tf(t)x+ g(t) . (1.4)
These transformations are generated by the vector fields on the Galilean plane R1,1.
Ln = −tn+1∂t − (n+ 1)xtn∂x , (1.5a)
Mn = −tn+1∂x . (1.5b)
These vector fields span the GCA2 algebra (1.3), which allows for two non-trivial central
extensions, denoted here as cL and cM .
The global subgroup of this algebra consists out of spatial translations (M−1 = −∂x),
time translations (L−1 = −∂t), dilations (L0 = −(t∂t + x∂x)), Galilean boosts (M0 = −t∂x),
and a non-relativistic version of the spatial and temporal special conformal transformations
(M+1 = −t2∂x) and (L+1 = −t2∂t − 2xt∂x) respectively.
For BMS3 we interpret Mn, Ln in (1.3) as generating supertranslations and superrotations
along null infinity (I ):
x→ f(x) , u→ ∂xf(x)u+ g(x) . (1.6)
Here {u, x} are coordinates on a null plane. The null cylinder coordinates along I , more
customary for flat space holography, (τ, ϕ) can be obtained by the map x = eiϕ, u = iτeiϕ.
The map between representation independent results in GCA and BMS exists in swapping
1Equivalently the I˙no¨nu¨-Wigner contraction can also be implemented by taking  = 1/` to be a Grassmann
valued parameter [82]
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the time coordinate t with the spatial coordinate at I and exchanging x in (1.4) with the
null direction along I .
In both the relativistic and the non-relativistic limit the fermionic generators can be
taken to scale in two different ways. One option is to scale both G±r in the same way, which
leads to the democratic (or homogeneous) N = 2 super GCA algebra. The second option is to
take the fermionic generators to scale as an asymmetric combination, much like the bosonic
generators in (1.2). We will refer to this as the despotic algebra, after [77].
Democratic Despotic
non-relativistic :
√
2Q±r =
√±G±r , Gr = G+r + G−r , (1.7)
Hr = (G+r − G−r ) ,
ultra-relativistic :
√
2Q±r =
√
G±±r , Gr = G+r − iG−−r , (1.8)
Hr = (G+r + iG−−r) .
The democratic limit in both cases leads to (1.3) together with
[Ln, Q
±
r ] = (
n
2 − r)Q±r+n , (1.9a)
{Q±r , Q±s } = Mr+s +
cM
6
(r2 − 14)δr+s,0 , (1.9b)
{Q±r , Q∓s } = 0 = [Mn,Mm] = [Mn, Q±r ] , (1.9c)
while the despotic limit gives the (anti)-commutators
[Ln, Gr] = (
n
2 − r)Gr+n , (1.10a)
[Ln, Hr] = [Mn, Gr] = (
n
2 − r)Hr+n , (1.10b)
{Gr, Gs} = 2Lr+s + cL
6
(r2 − 14)δr+s,0 , (1.10c)
{Gr, Hs} = 2Mr+s + cM
6
(r2 − 14)δr+s,0 , (1.10d)
[Mn,Mm] = 0 = [Mn, Hr] = {Hr, Hs} . (1.10e)
Both supersymmetry algebras follow as asymptotic symmetries of flat space supergravities in
three dimensions [77]. A subtlety is that the limit of the Hermitian conjugate is only well
defined in the ultra-relativistic democratic case and in the non-relativistic despotic case.
In the remainder of this paper we will work intrinsically with field theories invariant under
the algebras (1.9) and (1.10). The details on the various limits we will leave for future work
[83]. In the next section we will review the bosonic case first derived in [34] and fix notation for
the remainder of the paper. In section 3 we will formulate the Galilean conformal bootstrap
and compute the global blocks for the N = 1 super-GCA algebra, which is essentially (1.9)
with only one set of supergenerators. In section 4 we will discuss the same in the N = 2
democratic case and section 5 takes care of the despotic case. We present our conclusions
in section 6. Appendix A collects various details about the operator product expansions for
these theories.
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2 Galilean conformal blocks: a review
In this section we will fix the notation and warm up with a brief review of the GCA invariant
field theories and the GCA2 (or BMS3)-blocks constructed in [34]. A thorough account of the
setting, definitions and computations here can be found in [27, 29, 35] to which we refer for
more details.
2.1 A GCA state-operator correspondence
The basic idea is to consider possible correlation functions of operators in QFTs invariant
under GCA2 symmetry (1.3). Like in conformal field theories, it will turn out to be very useful
to define a state-operator correspondence in the highest-weight representations of GCA2. The
vacuum state |0〉 is defined as being annihilated by the global subgroup and all lowering
operators
{Ln,Mn}|0〉 = 0 , ∀n ≥ −1 . (2.1)
Primary states are labeled by their L0 and M0 weights, denoted by ∆, ξ respectively:
L0|∆, ξ〉 = ∆|∆, ξ〉 , M0|∆, ξ〉 = ξ|∆, ξ〉 . (2.2)
They are annihilated by lowering operators {Ln,Mn} with n > 0 and they correspond to
Galilean conformal primary operators φp(t, x) inserted at the origin of the Galilean plane
R1,1
φp(0, 0)|0〉 ≡ |∆p, ξp〉 . (2.3)
The GCA modules (analogue to the Verma modules in CFT) are then defined as acting with
raising operators {Ln,Mn}, with n < 0 on the primary states, defining the GCA descendant
states at level N
|∆, ξ, {N}〉 = L−{k}M−{l}|∆, ξ〉 ≡ L−k1 . . . L−kiM−l1 . . .M−lj |∆, ξ〉 , (2.4)
where {N} denotes two sets of integers {k} and {l}, whose total level N is the sum of all
elements in the sets and we organize them in descending order. The next ingredients we need
are the definition of the out state and the Hermitian conjugate. The Hermitian conjugate of
a primary state can be represented as an operator in the infinite future
〈∆p, ξp| = lim
t→∞ t
2∆p〈0|φp(t, 0) . (2.5)
Hermitian conjugation inverts the order of the descendant operators and takes
L†k = L−k , M
†
l = M−l . (2.6)
Hence
〈∆, ξ, {N}| = 〈∆, ξ|Mlj . . .Ml1Lki . . . Lk1 . (2.7)
The out states (2.5) are annihilated by the raising operators.
The primary operators φp(t, x) transform under GCA symmetries as [29]:
δLnφp(t, x) = [Ln, φp(t, x)] =
[
tn+1∂t + (n+ 1)xt
n∂x + ξpn(n+ 1)xt
n−1 (2.8a)
+ ∆p(n+ 1)t
n
]
φp(t, x) ,
δMnφp(t, x) = [Mn, φp(t, x)] =
[
tn+1∂x + ξp(n+ 1)t
n
]
φp(t, x) . (2.8b)
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We will denote the right hand side of these equations as differential operators DLn and DMn .
Applying these operators inside correlation function gives the GCA Ward identities.
The correlation functions between primaries are invariant under the global Galilean con-
formal algebra. This fixes the functional form of the normalized two-point function completely
〈φm(tm, xm)φn(tn, xn)〉 = δ∆m,∆nδξm,ξn
t∆m+∆nmn
e−
xmn(ξm+ξn)
tmn , (2.9)
where tmn = tm−tn and likewise for xmn. The three point function between primaries depend
on a single coefficient cimn
〈φi(ti, xi)φm(tm, xm)φn(tn, xn)〉 = cimn
t∆imnim t
∆mni
mn t
∆inm
in
e
−ximξimn
tim
−xmnξmni
tmn
−xinξinm
tin , (2.10)
where ∆imn = ∆i + ∆m −∆n and likewise for ξimn. The four point function can depend on
a general function of the invariant cross ratios T and X. We will write it as
〈φi(ti, xi)φj(tj , xj)φm(tm, xm)φn(tn, xn)〉 = t−2∆iij t∆i−∆j−∆m+∆njm t∆i−∆j+∆m−∆njn (2.11)
× t−∆i+∆j−∆m−∆nmn e−
2xijξi
tij
+
xjm(ξi−ξj−ξm+ξn)
tjm
+
xjn(ξi−ξj+ξm−ξn)
tjn
+
xmn(−ξi+ξj−ξm−ξn)
tmn FGCA(T,X) ,
where FGCA is an arbitrary function of the GCA cross ratios
T =
tijtmn
timtjn
,
X
T
=
xij
tij
+
xmn
tmn
− xim
tim
− xjn
tjn
. (2.12)
We have chosen conventions for the four point function such that at equal external weights
∆i,j,m,n = ∆ and ξi,j,m,n = ξ the prefactor simplifies to
〈φ(ti, xi)φ(tj , xj)φ(tm, xm)φ(tn, xn)〉 = 1
(tijtmn)2∆
e
− 2xijξ
tij
− 2xmnξ
tmn FGCA(T,X) . (2.13)
By a global GCA transformation we can always take the coordinates to the special values
{(ti, xi), (tj , xj), (tm, xm), (tn, xn)} = {(∞, 0), (1, 0), (t, x), (0, 0)} , (2.14)
under which T → t and X → x and the correlation functions (2.9), (2.10) and (2.11) become
〈∆i, ξi|∆n, ξn〉 ≡ lim
ti→∞
t2∆ii 〈φi(ti, xi)φn(0, 0)〉 = δ∆i,∆nδξi,ξn , (2.15a)
〈∆i, ξi|φj(1, 0)|∆n, ξn〉 ≡ lim
ti→∞
t2∆ii 〈φi(ti, xi)φj(1, 0)φn(0, 0)〉 = cijn , (2.15b)
〈∆i, ξi|φj(1, 0)φm(t, x)|∆n, ξn〉 ≡ lim
ti→∞
t2∆ii 〈φi(ti, 0)φj(1, 0)φm(t, x)φn(0, 0)〉 (2.15c)
=
FGCA(t, x)
t∆i−∆j+∆m+∆n(1− t)−∆i+∆j+∆m−∆n e
−x(ξi−ξj+(1−2t)ξm+ξn)
t(1−t) .
The matrix of inner products of states including descendants defines the GCA analogue of
the Kac matrix in CFTs. We will denote it by MN and its matrix elements are
M{N ′},{N} = 〈∆, ξ, {N ′}|∆, ξ, {N}〉. (2.16)
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It is orthogonal in the sense that only states at the same level have non-zero Kac matrix
elements. At level one we have
M1 =
[ 〈∆, ξ|L+1
〈∆, ξ|M+1
] [
L−1|∆, ξ〉M−1|∆, ξ〉
]
=
(
2∆ 2ξ
2ξ 0
)
. (2.17)
From this one can easily see that det(M1) = −4ξ2 is negative, indicating the presence of
negative norm states and hence a breakdown of unitarity in this representation.
At level two we have
M2 =

〈∆, ξ|L+1L+1
〈∆, ξ|L+2
〈∆, ξ|M+1L+1
〈∆, ξ|M+2
〈∆, ξ|M+1M+1

[
L−1L−1|∆, ξ〉 L−2|∆, ξ〉M−1L−1|∆, ξ〉M−2|∆, ξ〉M−1M−1|∆, ξ〉
]
=

4∆(1 + 2∆) 6∆ 4ξ(1 + 2∆) 6ξ 8ξ2
6∆ cL2 + 4∆ 6ξ
cM
2 + 4ξ 0
4ξ(1 + 2∆) 6ξ 4ξ2 0 0
6ξ cM2 + 4ξ 0 0 0
8ξ2 0 0 0 0
 , (2.18)
and det(M2) = (2ξ)
6(cM + 8ξ)
2. At level 3 the determinant of the Kac matrix is det(M3) =
−36(2ξ)16(cM + 3ξ)2(cM + 8ξ)4. For cM = 0 and ξ = 0 the Kac matrices are block diagonal,
containing a chiral CFT part generated by Ln and all states involving Mn generators become
null states. In that case the theory trivially reduces to a chiral CFT.
2.2 The Galilean conformal blocks
The GCA block is defined analogously to the conformal blocks by expressing the four point
function as a sum over primaries (labeled by p) in a given exchange channel. In this case
we will choose the exchange channel ji ↔ mn and define the Galilean conformal blocks
F jimn(p|t, x) as the addends in the expansion:
Gjimn(t, x) ≡ 〈∆i, ξi|φj(1, 0)φm(t, x)|∆n, ξn〉 =
∑
p
cpjic
p
mnF
ji
mn(p|t, x) . (2.19)
We may compute it as a series expansion of products of three point functions by inserting a
complete basis of states 1 =
∑
α |α〉〈α| in the middle of the four point function (2.19). In the
highest-weight representation the complete basis of states is given by
1 =
∑
p,{N ′},{N}
|∆p, ξp, {N ′}〉M{N ′},{N}〈∆p, ξp, {N}| . (2.20)
Here M{N},{N ′} (with indices up) is the inverse of the GCA Kac matrix (2.16). The blocks
can now be written as
F jimn(p|t, x) = (cpji)−1(cpmn)−1
∑
{N},{N ′}
〈∆i, ξi|φj(1, 0)|∆p, ξp, {N ′}〉M{N ′},{N} (2.21)
× 〈∆p, ξp, {N}|φm(t, x)|∆n, ξn〉 .
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The three point functions involving descendants in this expression can be computed by acting
with the relevant differential operators (2.8) on the three point function involving only primary
fields
〈∆p, ξp, {N}|φm(t, x)|∆n, ξn〉 = 〈∆p, ξp|[Mlj , . . . [Ml1 , [Lki , . . . , [Lk1 , φm(t, x)]]]]|∆n, ξn〉
= DLk1 . . .DLkiDMl1 . . .DMlj e
−ξmnp xt t−∆mnp . (2.22)
Here in the last line we have used that 〈∆p, ξp|φm(t, x)|∆n, ξn〉 = e−ξmnp xt t−∆mnp . The first
three point function in (2.21) is computed analogously, using generic coordinate dependence
for (tj , xj) and setting it to (1, 0) at the end.
The first few terms of the sum (2.21) are given explicitly as
F jimn(p|t, x) = e−ξmnp
x
t t−∆mnp
[
1 +
t
2ξp
(
∆pjiξpmn + ξpji∆pmn − ξpjiξpmn∆p
ξp
)
(2.23)
+ x
ξpjiξpmn
2ξp
+ . . .
]
.
Here the dots denote terms of level 2 and higher. The resulting block can equivalently be
expressed in terms of products of coefficients β appearing in the operator product expansion
(OPE)
F jimn(p|t, x) =
e−ξmnp
x
t
t∆mnp
∑
{N},{N ′},α
tN−αxαβp,{N
′},0
ji M{N ′},{N}β
p,{N},α
mn . (2.24)
For a more detailed definition of the β coefficients, as well as the definition of the OPE itself,
we refer to appendix A.
Crossing symmetry implies the four point function (2.19) should not depend on the
exchange channel under consideration. Instead of computing the blocks in the channel ji↔
mn, we may opt to compute them in a different channel, say ni ↔ mj. This effectively
switches j with n, which from the point of view of (2.12) takes t→ 1− t and x→ −x. Under
this crossing symmetry transformation the GCA block should satisfy∑
p
cpjic
p
mnF
ji
mn(p|t, x) =
∑
p′
cp
′
nic
p′
mjF
mj
ni (p
′|1− t,−x) . (2.25)
This is the GCA bootstrap equation, first derived in [34]. One of our main results here is to
derive the supersymmetric analogue of this equation.
2.3 Large central charge expansion and the global GCA-block
The bootstrap philosophy is to use equation (2.25) to constrain the structure constants and
weights of primary operators consistent with the (in this case GCA) symmetries of the theory.
Even though the symmetry algebra is infinite dimensional and thus highly constraining, it is
quite difficult to find a closed form for the GCA blocks in general. But like in CFTs, it is
possible to derive a closed form expression for the GCA blocks in the limit of large central
charge. We will briefly review how to obtain the GCA blocks in this limit, to which we will
refer as global GCA blocks.
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In the limit of large central charges the sum over the exchanged state in (2.20) is domi-
nated by primaries and descendants generated by L−1 andM−1.2 These descendants commute
with the quadratic Casimirs of the global subalgebra of GCA2. Inserting the Casimirs to the
right of the identity operator in (2.21) we can derive a differential equation by commuting it
through the operators on both sides. By commuting it through the descendants on the left we
find only the eigenvalues of the Casimirs on the exchanged state 〈∆p, ξp|. When commuting
the Casimir through the right, by means of (2.8) we find a differential operator acting on the
four point function. This process results in a differential equation which we can solve.
We can define the global GCA block gjimn(p|t, x) as a limit of the GCA block:
gjimn(p|t, x) = limcM,L→∞F
ji
mn(p|t, x) . (2.26)
In writing cM,L → ∞ we are slightly abusing the notation because the central charge cM is
dimensionful and hence its value can always be rescaled to one. What we mean is that we only
consider primary operators φ which are light, such that the dimensionless ratio ξ/cM → 0.
The Casimirs of ISO(2,1) are
C1 = M20 −M−1M+1 , (2.27a)
C2 = 2L0M0 − 1
2
(M−1L+1 +M+1L−1 + L−1M+1 + L+1M−1) . (2.27b)
By acting with the Casimirs inside the four point function as outlined above we can derive
the eigenvalue equations
〈∆i, ξi|φj(1, 0)C1,2φm(tm, xm)φn(tn, xn)|0〉
∣∣
{(tm,xm),(tn,xn)}={(t,x),(0,0)}
=
∑
p
〈∆i, ξi|φj(1, 0)|∆p, ξp, {N ′}〉M{N ′},{N}〈∆p, ξp, {N}|C1,2φm(t, x)|∆n, ξn〉
=
∑
p
λp1,2c
p
jic
p
mng
ji
mn(p|t, x) +O
(
ξp
cM
,
1
cL
)
. (2.28)
Here in the first line it is understood that one first acts with the Casimirs on the primaries
φm(tm, xm) and φn(tn, xn) inside the four point function (2.11) as differential operators and
takes the coordinates (tm, xm) and (tn, xn) to their special values (2.14) afterwards. In the
last line the eigenvalues of the Casimirs on the primary in the exchange channel 〈∆p, ξp|
appear. They are:
λp1 = ξ
2
p , λ
p
2 = 2ξp(∆p − 1) . (2.29)
At equal external weights, ∆i,j,m,n = ∆ and ξi,j,m,n = ξ, the Casimir equations can be written
as
D2xf(p|t, x) = 0 , Dtxf(p|t, x) = 0 , (2.30)
2One can prove this by considering the contributions of descendants generated by L−s and M−s with
s > 1 to the normalized identity operator 1 =
∑
α
|α〉〈α|
〈α|α〉 in an orthogonal basis. Since the norm of these
states are of order (cM/ξ, cL), the contributions to 1 are subleading in the large central charge expansion.
Descendant states with more L−s and M−s insertions are suppressed even further. Similar arguments hold for
the supersymmetric cases discussed below.
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with
D2x = λp1 − t2(1− t)∂2x , and Dtx = 2(1− t)t2∂t∂x + (2− 3t)∂2x − 2t2∂x − λp2 . (2.31)
Here the function f(p|t, x) is defined as the summand of the large c limit of FGCA appearing
in (2.11); i.e.
∑
p c
p
jic
p
mnf(p|t, x) = limcM,L→∞ FGCA(t, x) .
The solution to these equations involves two arbitrary integration constants which can
be fixed by comparing the series expansion of the solution to (the large central charge limit
of) the expansion of the GCA block (2.23). The final answer for equal external weights is
g∆,ξ(p|t, x) = e
−2ξ x
t
t2∆
f(p|t, x) = e
−2ξ x
t
+ξp
x
t
√
1−t
t2∆−∆p
√
1− t
(
1
2
+
1
2
√
1− t
)2−2∆p
, (2.32)
where 0 < t < 1. In the coming sections, we will concern ourselves with computing the
supersymmetric extensions of the global Galilean conformal block.
3 N = 1 supersymmetric Galilean conformal blocks
In this section we will discuss the Galilean conformal blocks in the simplest supersymmetric
extension of the Galilean conformal algebra. This N = 1 extension is isomorphic to the N = 1
super BMS3 algebra which was found as the asymptotic symmetry algebra at null infinity
of three dimensional flat supergravity in [75]. Hence, modulo the aforementioned difficulties
with the representation theory, the results of this section are expected to apply to minimally
supersymmetric BMS3 theories as well, such as the free theory obtained in [43]. Holographic
realizations a` la [57, 58] could be realized in the supergravity model of [75].
3.1 The algebra and representations
The minimal supersymmetric extension of the GCA algebra is given in terms of the bosonic
generators Ln and Mn and a single fermionic generator Qr:
[Ln, Lm] = (n−m)Lm+n + cL
12
n(n2 − 1)δm+n,0 , (3.1a)
[Ln,Mm] = (n−m)Mm+n + cM
12
n(n2 − 1)δm+n,0 , (3.1b)
[Ln, Qr] = (
n
2 − r)Qr+n , (3.1c)
{Qr, Qs} = Mr+s + cM
6
(r2 − 14)δr+s,0 , (3.1d)
[Mn,Mm] = 0 = [Mn, Qr] . (3.1e)
In the Neveu-Schwarz (NS) sector the label r takes half integer values. We will work ex-
clusively in this sector, because the global subalgebra in the Ramond sector has no non-
trivial contribution from the supersymmetry generators. It is generated by Ln, Mn with
n = −1, 0,+1 and Qr with r = ±12 .
Another advantage of considering the NS sector is that the primary states are still only
labeled by their M0 and L0 weights, hence we can keep calling these states |∆, ξ〉. They
have the same properties as in the previous section, except now they are also annihilated by
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the fermionic lowering operators Qr with r ≥ 1/2 and the vacuum state |0〉 is additionally
annihilated by Q−1/2.
The super GCA primary field φp can be combined with its fermionic superpartner ψp(t, x)
into a superfield Φp(t, x, θ) depending on a Grassmann-valued coordinate θ
Φp(t, x, θ) = φp(t, x) + θψp(t, x) . (3.2)
The transformation properties of this SGCA primary field are given by
δLnΦp(t, x, θ) = [Ln,Φp(t, x, θ)] =
[
tn+1∂t + (n+ 1)xt
n∂x +
n+ 1
2
tnθ∂θ (3.3a)
+ ξpn(n+ 1)xt
n−1 + ∆p(n+ 1)tn
]
Φp(t, x, θ) ,
δMnΦp(t, x, θ) = [Mn,Φp(t, x, θ)] =
[
tn+1∂x + ξp(n+ 1)t
n
]
Φp(t, x, θ) , (3.3b)
δQrΦp(t, x, θ) = [Qr,Φp(t, x, θ)] =
[
tr+
1
2
(
∂θ − 12θ∂x
)− ξp(r + 12)tr− 12 θ]Φp(t, x, θ) . (3.3c)
This defines the differential operators DLn ,DMn and DQr . The definition of the in and out
states expressed in terms of the superfield is
|∆p, ξp〉 = φp(0, 0)|0〉 = Φp(0, 0, 0)|0〉 , 〈∆p, ξp| = lim
t→∞ t
2∆p〈0|Φ(t, 0, 0) . (3.4)
From acting with (3.3) on the superfield with arbitrary fermionic dependence we can derive
the supersymmetry transformations of the primaries:
Q−1/2|∆p, ξp〉 = ψp(0, 0)|0〉 ≡ |ψp〉 , Q−1/2|ψp〉 =
1
2
M−1|∆p, ξp〉 , (3.5)
and the fermionic state |ψp〉 has (L0,M0) weights (∆p + 12 , ξp).
The SGCA modules now includes descendants obtained by acting with the fermionic
raising operators Qr with r ≤ −1/2. The inner products of states for the first three non-
trivial levels are
M1/2 = 〈∆, ξ|Q1/2Q−1/2|∆, ξ〉 = ξ, (3.6a)
M1 =
(
2∆ 2ξ
2ξ 0
)
, (3.6b)
M3/2 =
 〈∆, ξ|Q+1/2L+1〈∆, ξ|Q+3/2
〈∆, ξ|Q+1/2M+1
[L−1Q−1/2|∆, ξ〉 Q−3/2|∆, ξ〉M−1Q−1/2|∆, ξ〉]
=
 (2∆ + 1)ξ 2ξ 2ξ22ξ cM3 + ξ 0
2ξ2 0 0
 . (3.6c)
3.2 Correlation functions
The correlation function of the SGC primaries are obtained straightforwardly from the bosonic
ones (2.9), (2.10) and (2.11) by replacing the difference of the two bosonic coordinates xkl
with a supersymmetric generalization
xkl = xk − xl − 1
2
θkθl . (3.7)
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This implies that the invariant cross ratio X will now contain fermionic coordinates (and we
will denote it as X), while T remains unchanged with respect to (2.12). Additionally, there
is now the possibility of combining three points into a Grassmann valued invariant
Θijk =
tijθk + tjkθi + tkiθj√
tijtjktki
. (3.8)
Like the cross ratios, this combination is invariant under the global subalgebra of SGCA. This
has a consequence for the four point function, since it is now possible to create a nilpotent
bilinear combination of the fermionic cross ratios. Explicitly expanding in this fermionic
invariant, the general four point function of four SGCA primaries involves two arbitrary
functions of T and X
〈Φi(ti, xi, θi)Φj(tj , xj , θj)Φm(tm, xm, θm)Φn(tn, xn, θn)〉 = t−2∆iij t∆i−∆j−∆m+∆njm
t
∆i−∆j+∆m−∆n
jn t
−∆i+∆j−∆m−∆n
mn e
− 2xijξi
tij
+
xjm(ξi−ξj−ξm+ξn)
tjm
+
xjn(ξi−ξj+ξm−ξn)
tjn
+
xmn(−ξi+ξj−ξm−ξn)
tmn
×
(
F˜0(T,X) +
√
1− TΘimjΘinjF˜θ(T,X)
)
, (3.9)
where the factor of
√
1− T is introduced for later convenience.
Including the supersymmetry generators and the fermionic coordinates, we can use the
global subgroup to fix our four pairs of supercoordinates as
{(tk, xk, θk)} = {(∞, 0, 0), (1, 0, 0), (t, x, θ), (0, 0, η)} , (3.10)
where k = {i, j,m, n}. At these points we have
T → t , X→ x = x− 1
2
θη ,
√
1− TΘimjΘinj → θη . (3.11)
The four point function at equal external weights is now simply
〈∆, ξ|Φ(1, 0, 0)Φ(t, x, θ)Φ(0, 0, η)|0〉 = t−2∆e−2xt ξ(F0(t, x) + θηFθ(t, x)) . (3.12)
The function F0(t, x) and Fθ(t, x) are in principle arbitrary, but should satisfy certain con-
straints imposed by crossing symmetry. They are related to the supersymmetric Galilean
conformal blocks which we will construct in the next section. In section 3.4 we will find the
block in the large c expansion.
3.3 The N = 1 SGC blocks
The supersymmetric Galilean conformal blocks (SGC blocks) F jimn(p|t, x, θ, η) are defined by
writing the four point function as a sum over primaries:
Gjimn(t, x, θ, η) = 〈∆i, ξi|Φj(1, 0, 0)Φm(t, x, θ)Φn(0, 0, η)|0〉
=
∑
p
cpjic
p
mnF jimn(p|t, x, θ, η) . (3.13)
They can be computed analogously to the Galilean conformal blocks derived in section 2.2,
by inserting the complete basis of states (2.20) into the four point function (3.12). Now,
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however, we should take into account that {N} also contains descendants generated with Qr
for r ≤ −1/2. Whenever we need an explicit basis for {N} we will denote it as {k}, {l}, {r}
so that it is implied that
Φ{N}(0, 0, 0)|0〉 = |∆, ξ, {N}〉 = L−{k}M−{l}Q−{r}|∆, ξ〉
= L−k1 . . . L−knM−l1 . . .M−lmQ−r1 . . . Q−ra |∆, ξ〉 . (3.14)
Like before, the L and M descendants are ordered such that ki ≥ ki+1 and li ≥ li+1 but the
fermionic descendants satisfy the strict inequality ri > ri+1. This is to avoid an over complete
basis, since QrQr =
1
2M2r.
The result reads:
F jimn(p|t, x, θ, η) =
∑
{N},{N ′}
〈∆i, ξi|Φj(1, 0, 0)|∆p, ξp, {N}〉
cijp
M{N},{N
′} (3.15)
× 〈∆p, ξp, {N
′}|Φm(t, x, θ)Φn(0, 0, η)|0〉
cpmn
=
∑
{N}, |N |∈Z
β
p,{N},0
ji (c
p
mn)
−1〈∆p, ξp, {N}|Φm(t, x, θ)Φn(0, 0, η)|0〉 . (3.16)
Here the second line follows from equation (A.7), where the β’s are defined in appendix A.2.
Note that with our choice of the coordinates (3.10) the sum above only runs over integer
level descendants. The half integer level contributions to the sum drops out because they are
identically zero in the first three point function and the (inverse) Kac matrix is block diagonal.
The fermionic contribution to the block are contained in the second three point function, due
to the fermionic dependence in the primary Φn(0, 0, η)|0〉 = |∆n, ξn〉+ ηQ−1/2|∆n, ξn〉. This
complicates the computation of this three point function by the OPE (see appendix A.2
for details). The simplest way to compute this second three point function is in terms of
differential operators acting on the three point function of primaries:
〈∆p, ξp, {N}|Φm(t, x, θ)Φ(0, 0, η)|0〉
= 〈∆p, ξp|[Qra , . . . [Qr1 , [Mlj , . . . [Ml1 , [Lki , . . . , [Lk1 ,Φm(t, x, θ)Φn(0, 0, η)]]]]]]|0〉
=
∑
k=m,n
(−)a2 (a−1)DLk1 . . .DLkiDMl1 . . .DMljD
k
Qr1
. . .DkQra
(
e−ξmnp
x
t t−∆mnp
)
, (3.17)
where in the last line the sum indicate that the differential operator DQri should act on both
Φm and Φn due to the non-trivial η dependence in the last primary. The sign here appears
as we have to exchange the order of a fermionic operators in converting the commutators
into differential operators. At the end of the day, all fermionic dependence is captured by the
supersymmetric coordinate x in the exponent. Aside from this exponent up to level 1 the
expansion is equivalent to (2.23)
F jimn(p|t, x, θ, η) = e−ξmnp
x
t t−∆mnp
[
1 +
t
2ξp
(
∆pjiξpmn + ξpji∆pmn − ξpjiξpmn∆p
ξp
)
(3.18)
+ x
ξpjiξpmn
2ξp
+ . . .
]
.
– 14 –
The four point function is built from superfields which are bosonic and hence the order in
which we combine primaries with the OPE inside the four point function should be irrelevant.
Above we computed it in the channel ji ↔ mn, but we might as well have considered the
ni↔ mj channel. This crossing symmetry takes the invariant cross ratios to
T → T˜ = tintmj
timtnj
,
X
T
→ X˜
T˜
=
xin
tin
+
xmj
tmj
− xim
tim
− xnj
tn
. (3.19)
Under crossing symmetry the global SGCA invariant
√
1− TΘimjΘinj in the four point func-
tion (3.9) becomes
Θimj → Θimn , Θinj → Θijn ,
√
1− TΘimjΘinj →
√
TΘimnΘijn . (3.20)
At the special value of the coordinates (3.10) these new cross ratios become:
T˜ = 1− t , X˜ = −x , (3.21)
Θimn =
i√
t
(θ − η) , Θijn = −iη ,
√
TΘimnΘijn = θ η , (3.22)
and so the product of the fermionic coordinates stays invariant. Finally, crossing symmetry
implies for the SGC blocks that∑
p
cpjic
p
mnF jimn(p|t,x, θ η) =
∑
p′
cp
′
jic
p′
mnFnimn(p′|1− t,−x, θ η) . (3.23)
This is the supersymmetric Galilean conformal bootstrap equation.
3.4 Global SGC blocks
Like in the GCA case discussed in the previous section, we would like to find a closed form
expression for the SGCA blocks. This is possible in the limit of large central charge by solving
the differential Casimir eigenequation on the four point function (3.12). Let us denote the
two arbitrary function F0(t, x) and Fθ(t, x) in the large c limit as
FI(t, x) =
∑
p
cpjic
p
mnfI(p|x, t) +O
(
ξp
cM
,
1
cL
)
, (3.24)
for I = 0, θ. The differential eigenvalue equations can be obtained by acting with the quadratic
Casimirs inside the four point function (3.9) and taking the coordinates to their special values
given in (3.10) afterwards. Now, however, we have more generators in the global subalgebra,
Q±1/2. These generators commute with the first Casimir in equation (2.27) and hence C1 and
its eigenvalue remains unchanged. The equations are hence identical to the bosonic case
D2xfI(p|t, x) = 0 . (3.25)
The second Casimir gets contributions from the supersymmetry generators and is now
C2 = 2L0M0 − 1
2
(M−1L+1 +M+1L−1 + L−1M+1 + L+1M−1) (3.26)
+
1
2
(
Q+1/2Q−1/2 −Q−1/2Q+1/2
)
.
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Due to the fermionic contribution, the eigenvalue on SGCA primary states |∆p, ξp〉 is now
shifted with respect to the bosonic case. It is
λp2 = ξp(2∆p − 32) . (3.27)
Acting inside the four point function (3.12), the Casimir C2 leads to the following differential
equations for the functions fI(p|t, x):
Dtxf0(p|t, x) = tfθ(p|t, x) , (3.28a)
Dtxfθ(p|t, x) =
ξ2p
4t
f0(p|t, x)− 2(1− t)t∂xfθ(p|t, x) . (3.28b)
with the differential operator Dtx defined in equation (2.31). There are 4 linearly independent
solutions to this system of coupled second order differential equations. We are not interested
in all of these solutions, merely in the ones which agree with (3.18) when expanded for small
t and x. By comparing this with (3.18) we can fix all four integration constants and obtain
fθ(p|t, x) = −ξp
2t
f0(p|t, x) , (3.29)
f0(p|t, x) = e
ξp
x
t
√
1−t√
1− t t
∆p
(
1
2 +
1
2
√
1− t)2−2∆p . (3.30)
Using this result, the global N = 1 SGC block with equal external weights ∆i = ∆ and
ξi = ξ, defined as
g∆,ξ(p|t, x, θ, η) = limcL→∞
cM/ξp→∞
F iiii (p|t, x, θ, η) , (3.31)
reads
g∆,ξ(p|t, x, θ, η) = e
−(2ξ−ξp)xt +ξp xt 1−
√
1−t√
1−t
t2∆−∆p
√
1− t
(
1
2
+
1
2
√
1− t
)2−2∆p
. (3.32)
Note that all dependence on the fermionic coordinates is in the x term in the exponent,
but not all x dependence appears as a supersymmetric x. Aside from this the expression is
equivalent to the bosonic block (2.32).
4 Supersymmetric Galilean conformal blocks: N = 2 democratic
In this section we will repeat the procedure for the N = 2 democratic SGCA (1.9), which we
repeat here for convenience
[Ln, Lm] = (n−m)Lm+n + cL
12
n(n2 − 1)δm+n,0 , (4.1a)
[Ln,Mm] = (n−m)Mm+n + cM
12
n(n2 − 1)δm+n,0 , (4.1b)
[Ln, Q
±
r ] = (
n
2 − r)Q±r+n , (4.1c)
{Q±r , Q±s } = Mr+s +
cM
6
(r2 − 14)δr+s,0 , (4.1d)
{Q±r , Q∓s } = 0 = [Mn,Mm] = [Mn, Q±r ] . (4.1e)
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We will still restrict ourselves to the NS sector for the reasons outlined in the last section.
We also do not consider R-symmetry, as we obtained this algebra from a limit of N = (1, 1)
without any R-symmetry. This democratic algebra is a simple extension of the N = 1 algebra
(3.1), with doubled fermionic generators Q±r and superspace Grassmann coordinates θ±. The
action of the generators on a primary superfield is immediately obtained from the previous
section
δLnΦp(t, x, θ
±) = [Ln,Φp] =
[
tn+1∂t + (n+ 1)xt
n∂x +
n+ 1
2
tn(θ+∂θ+ + θ
−∂θ−) (4.2a)
+ ξpn(n+ 1)xt
n−1 + ∆p(n+ 1)tn
]
Φp(t, x, θ
±) ,
δMnΦp(t, x, θ
±) = [Mn,Φp] =
[
tn+1∂x + ξp(n+ 1)t
n
]
Φp(t, x, θ
±) , (4.2b)
δQ±r Φp(t, x, θ
±) = [Q±r ,Φp] =
[
tr+
1
2
(
∂θ± − 12θ±∂x
)− ξp(r + 12)tr− 12 θ±]Φp(t, x, θ±) . (4.2c)
The superfield Φp now contains two fermionic and two bosonic fields
Φp(t, x, θ
±) = φp(t, x) + θ+ψ+p (t, x) + θ
−ψ−p (t, x) + θ
+θ−Fp(t, x) . (4.3)
In terms of this superfield, the in and out states are defined with vanishing fermionic coordi-
nates dependence
|∆p, ξp〉 = Φp(0, 0, 0, 0)|0〉 , 〈∆p, ξp| = lim
t→∞ t
2∆p〈0|Φp(t, 0, 0, 0) . (4.4)
The fermionic states |ψ±〉 ≡ ψ±(0, 0)|0〉 and the boson |F 〉 ≡ F (0, 0)|0〉 are supersymmetric
descendants of the primary state |∆, ξ〉:
|ψ±〉 = Q±−1/2|∆, ξ〉 , |F 〉 = −Q+−1/2Q−−1/2|∆, ξ〉 . (4.5)
Their L0 weight is shifted by
1
2 for the fermions and by one for |F 〉. Since Mn commutes
with the supersymmetry generators, their M0 weights are unchanged. The democratic SGCA
module now contains raising operators for both fermionic generators
|∆, ξ, {N}〉 = L−{k}M−{l}Q+−{r}Q−−{s}|∆, ξ〉 (4.6)
= L−k1 . . . L−knM−l1 . . .M−lmQ
+
−r1 . . . Q
+
−raQ
−
−s1 . . . Q
−
−sb |∆, ξ〉 , (4.7)
with si > si+1. The inner product of states M{N},{N ′} = 〈∆, ξ, {N}|∆, ξ, {N ′}〉 for the first
few levels gives:
M1/2 =
[
〈∆, ξ|Q+1/2
〈∆, ξ|Q−−1/2
] [
Q+−1/2|∆, ξ〉 Q−−1/2|∆, ξ〉
]
=
(
ξ 0
0 ξ
)
, (4.8a)
M1 =
 〈∆, ξ|L1〈∆, ξ|M1
〈∆, ξ|Q−−1/2Q+1/2
[L−1|∆, ξ〉 M−1|∆, ξ〉 Q+−1/2Q−−1/2|∆, ξ〉]
=
 2∆ 2ξ 02ξ 0 0
0 0 4ξ2
 , (4.8b)
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and
M3/2 =

(2∆ + 1)ξ 2ξ 2ξ2 0 0 0
2ξ cM3 + ξ 0 0 0 0
2ξ2 0 0 0 0 0
0 0 0 (2∆ + 1)ξ 2ξ 2ξ2
0 0 0 2ξ cM3 + ξ 0
0 0 0 2ξ2 0 0
 , (4.8c)
in the basis
{L−1Q+−1/2|∆, ξ〉, Q+−3/2|∆, ξ〉,M−1Q+−1/2|∆, ξ〉, L−1Q−−1/2|∆, ξ〉, Q−−3/2|∆, ξ〉,M−1Q−−1/2|∆, ξ〉}.
4.1 Correlation functions and an odd sector
With the algebra extended to two supercharges it becomes possible to construct an invariant
of fermionic bilinears in the three point function. This means the general three point function
now depends on two structure constants which we will denote as cimn and c˜imn
〈Φi(ti, xi, θ±i )Φm(tm, xm, θ±m)Φn(tn, xn, θ±n )〉
=
cimn + Θ
+
inmΘ
−
inmc˜imn
t∆imnim t
∆mni
mn t
∆nim
ni
e
−ximξimn
tim
−xmnξmni
tmn
−xniξnim
tni , (4.9)
where xkl = xk − xl − 12
(
θ+k θ
+
l + θ
−
k θ
−
l
)
and Θ±inm are given by (3.8) with θ replaced by θ
±.
At the same time there will be two bosonic and four fermionic cross ratios in the four
point function. We take it, at equal external weights, to be
〈Φ(ti, xi, θ±i )Φ(tj , xj , θ±j )Φ(tm, xm, θ±m)Φ(tn, xn, θ±n )〉 = t−2∆ij t−2∆mn e−2ξ(xij/tij+xmn/tmn)
× FSGCA(T,X,Θ±imj ,Θ±inj) . (4.10)
After a global SGCA transformation, we may fix the coordinates of the four point function
to
{(tk, xk, θ±k )} = {(∞, 0, 0), (1, 0, 0), (t, x, θ±), (0, 0, η±)} . (4.11)
At these points the bosonic cross ratios become T → t and X→ x = x− 12(θ+η+ + θ−η−).
Explicitly expanding (4.10) in the fermionic coordinates, we may write the bosonic func-
tion FSGCA in terms of eight arbitrary functions of t and x. It is convenient to expand it in
terms of the fermionic combinations
τ±1 =
√
1− T Θ±imj , τ±2 = Θ±inj , (4.12)
since at the points (4.11) these combinations simply become τ±1 = −θ± and τ±2 = −η±. We
will then denote the eight functions appearing in FSGCA as FI(t, x) where I will denote the
Grassmann coordinates they multiply at the points (4.11)
〈∆, ξ|Φ(1, 0, 0)Φ(t, x, θ±)Φ(0, 0, η±)|0〉 = t−2∆e−2xt ξ
(
F0(t, x) + θ
+η+Fθ+η+(t, x)
+ θ−η+Fθ−η+(t, x) + θ−η−Fθ−η−(t, x) + θ+η−Fθ+η−(t, x) + θ+θ−Fθ+θ−(t, x)
+ η+η−Fη+η−(t, x) + θ+θ−η+η−Fθθηη(t, x)
)
. (4.13)
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4.2 Democratic SGC blocks
Due to the two independent structure constants appearing in the three point function, the
four point function does not expand in terms of a single block, but instead it contains four
independent blocks, depending on the structure constants they multiply
〈∆i, ξi|Φj(1, 0, 0, 0)Φm(t, x, θ±)Φn(0, 0, η±)|0〉 =
∑
p
[
cpjic
p
mnAjimn(p|t, x, θ±, η±) (4.14)
+ c˜pjic
p
mnBjimn(p|t, x, θ±, η±) + cpjic˜pmnCjimn(p|t, x, θ±, η±) + c˜pjic˜pmnDjimn(p|t, x, θ±, η±)
]
.
In order to write down explicit expressions for the blocks, it is convenient to split the three
point function (4.9) into two parts, one for each independent structure constant, or explicitly
in terms of conveniently chosen coordinates:
〈∆i, ξi|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c = cimn
t∆mni
e−
x
t
ξmni , (4.15a)
〈∆i, ξi|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c˜ = c˜imn
t∆mni+1
e−
x
t
ξmni(θ+ − η+)(θ− − η−) . (4.15b)
When inserting the complete basis of states in the four point function (4.14) and splitting the
three point functions as above, we can identify the four separate blocks as
Ajimn(p|t, x, θ±, η±) =
∑
{N},{N ′}
〈∆i, ξi|Φj(1, 0, 0)|∆p, ξp, {N}〉c
cijp
M{N},{N
′} (4.16a)
× 〈∆p, ξp, {N
′}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c
cpmn
=
∑
{N}, |N |∈Z
β
p,{N},0
ji (c
p
mn)
−1〈∆p, ξp, {N}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c ,
Bjimn(p|t, x, θ±, η±) =
∑
{N},{N ′}
〈∆i, ξi|Φj(1, 0, 0)|∆p, ξp, {N}〉c˜
c˜ijp
M{N},{N
′} (4.16b)
× 〈∆p, ξp, {N
′}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c
cpmn
=
∑
{N}, |N |∈Z
β˜
p,{N},0
ji (c
p
mn)
−1〈∆p, ξp, {N}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c ,
Cjimn(p|t, x, θ±, η±) =
∑
{N},{N ′}
〈∆i, ξi|Φj(1, 0, 0)|∆p, ξp, {N}〉c
cijp
M{N},{N
′} (4.16c)
× 〈∆p, ξp, {N
′}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c˜
c˜pmn
=
∑
{N}, |N |∈Z
β
p,{N},0
ji (c˜
p
mn)
−1〈∆p, ξp, {N}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c˜ ,
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Djimn(p|t, x, θ±, η±) =
∑
{N},{N ′}
〈∆i, ξi|Φj(1, 0, 0)|∆p, ξp, {N}〉c˜
c˜ijp
M{N},{N
′} (4.16d)
× 〈∆p, ξp, {N
′}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c˜
c˜pmn
=
∑
{N}, |N |∈Z
β˜
p,{N},0
ji (c˜
p
mn)
−1〈∆p, ξp, {N}|Φm(t, x, θ±)Φn(0, 0, η±)|0〉c˜ .
Here the OPE coefficients β and β˜ are defined in appendix A and they can be computed
recursively. It is shown there that there is no mixing between the β and β˜ recursive relations
and so they define two independent sectors. In order to compute these blocks explicitly as a
series expansion in t and x we can compute the three point functions appearing in (4.16) by
acting with the differential operators (4.2) on the appropriate three point functions (4.15).
The first few terms in the expansion of the blocks at equal external weights read
A(p|t, x, θ±, η±) = t−2∆+∆pe−xt (2ξ−ξp)
[
1 + t
∆p
2
+ x
ξp
2
+ . . .
]
, (4.17a)
B(p|t, x, θ±, η±) = t−2∆+∆pe−xt (2ξ−ξp) [−14(θ+ + η+)(θ− + η−) + . . .] , (4.17b)
C(p|t, x, θ±, η±) = t−2∆+∆p−1e−xt (2ξ−ξp)
[
(1 + t
∆p
2 + x
ξp
2 )(θ
+ − η+)(θ− − η−) (4.17c)
+ t2θ
+θ− − t2η+η− + . . .
]
,
D(p|t, x, θ±, η±) = t−2∆+∆pe−xt (2ξ+ξp) te
2x
t
ξp
ξ2p
[
1 + t
1 + ∆p
2
+ x
ξp
2
+ . . .
]
. (4.17d)
By considering a different exchange channel for the four point function (4.10), for instance
ni ↔ mj, we can formulate the N = 2 democratic bootstrap equations. Choosing this
different channel takes the invariant cross ratios T,X, τ±1 and τ
±
2 at the points (4.11) to
T → 1− t , X→ −x , τ±1 → i(θ± − η±) , τ±2 → −iη± , (4.18)
and so the four point function (4.14) can equally well be expanded as∑
p′
[
cp
′
nic
p′
mjAnimj(p′|1− t,−x, i(η± − θ±), iη±) + c˜p
′
nic
p′
mjBnimj(p′|1− t,−x, i(η± − θ±), iη±)
+ cp
′
nic˜
p′
mjCnimj(p′|1− t,−x, i(η± − θ±), iη±) + c˜p
′
nic˜
p′
mjDnimj(p′|1− t,−x, i(η± − θ±), iη±)
]
.
(4.19)
Comparing like powers of the independent structure constants c and c˜ in this expression and
(4.14) allows us to formulate the expressions∑
p
cpjic
p
mnAjimn(p|t,x, θ±, η±) =
∑
p′
cp
′
nic
p′
mjAnimj(p′|1− t,−x, i(η± − θ±), iη±) , (4.20)∑
p
c˜pjic˜
p
mnDjimn(p|t,x, θ±, η±) =
∑
p′
c˜p
′
nic˜
p′
mjDnimj(p′|1− t,−x, i(η± − θ±), iη±) , (4.21)
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and∑
p
[
c˜pjic
p
mnBjimn(p|t,x, θ±, η±) + cpjic˜pmnCjimn(p|t,x, θ±, η±)
]
(4.22)
=
∑
p′
[
c˜p
′
nic
p′
mjBnimj(p′|1− t,−x, i(η± − θ±), iη±) + cp
′
nic˜
p′
mjCnimj(p′|1− t,−x, i(η± − θ±), iη±)
]
.
These are the bootstrap equations for the democratic (or homogeneous) N = 2 supersym-
metric Galilean conformal field theories.
4.3 Global N = 2 democratic blocks
In the large c limit we can again find closed form expressions for the blocks (4.14) by acting
with the Casimir of the global subalgebra as a differential operator acting on the four point
function and solving the corresponding differential eigenvalue equations. Each of the four
blocks in (4.14) will solve the same differential equations, so for now we will not yet distinguish
between them, but simply write the large c limit of any of the blocks as g∆,ξ(p|t, x, θ±, η±).
After finding the most general solution to the differential equations we can compare with the
explicit expansion (4.17) and fix the integration constants for each of the blocks.
We now proceed to find the differential equations for the blocks. First we expand the
function g∆,ξ(p|t, x, θ±, η±) in the fermionic coordinates in the same way as in (4.13)
g∆,ξ(p|t, x, θ±, η±) = t−2∆e−2
x
t
ξ
(
f0(p|t, x) + θ+η+fθ+η+(p|t, x) + θ−η+fθ−η+(p|t, x) (4.23)
+ θ−η−fθ−η−(p|t, x) + θ+η−fθ+η−(p|t, x) + θ+θ−fθ+θ−(p|t, x)
+ η+η−fη+η−(p|t, x) + θ+θ−η+η−fθθηη(p|t, x)
)
.
The first Casimir is unchanged with respect to C1 in (2.27) and hence every function fI(p|t, x)
above solves the differential equation
D2xfI(p|t, x) = 0 . (4.24)
The second Casimir now gets contributions from both supercharges, which changes its eigen-
value to λp2 = ξp(2∆p − 1).
Just as the blocks and the OPE, also the Casimir equations decouple into two sectors.
The functions f0, fθ+η+ , fθ−η− and fθθηη obey one set of coupled differential equations and the
rest (the functions which only multiply the mixed ± fermionic terms in (4.23)) obey another
set. The first set of equations is
Dtxf0 = t(fθ+η+ + fθ−η−) , (4.25a)
Dtxfθ+η+ = (1− t)t
(
1
4
∂2xf0 − 2∂xfθ+η+
)
− tfθθηη , (4.25b)
Dtxfθ−η− = (1− t)t
(
1
4
∂2xf0 − 2∂xfθ−η−
)
− tfθθηη , (4.25c)
Dtxfθθηη = −1
4
(1− t)t (∂2x(fθ+η+ + fθ−η−) + 16∂xfθθηη) . (4.25d)
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The solution to this set of equations (and simultaneously to (4.24)) can be parameterized by
four arbitrary constants, a1,2,3,4
3
f0 =
e
ξpx
t
√
1−t√
1− t t
∆p(1 +
√
1− t)2−2∆p
[
a1 + a2
1−√1− t
1 +
√
1− t +
a3
√
t
1 +
√
1− t
]
, (4.26a)
fθ+η+ = −
ξp
2t
e
ξpx
t
√
1−t√
1− t t
∆p(1 +
√
1− t)2−2∆p
[
a1 − a2 1−
√
1− t
1 +
√
1− t −
a4
√
t
1 +
√
1− t
]
, (4.26b)
fθ−η− = −
ξp
2t
e
ξpx
t
√
1−t√
1− t t
∆p(1 +
√
1− t)2−2∆p
[
a1 − a2 1−
√
1− t
1 +
√
1− t +
a4
√
t
1 +
√
1− t
]
, (4.26c)
fθθηη = −
ξ2p
4t2
e
ξpx
t
√
1−t√
1− t t
∆p(1 +
√
1− t)2−2∆p
[
a1 + a2
1−√1− t
1 +
√
1− t −
a3
√
t
1 +
√
1− t
]
. (4.26d)
The second set of equations is
Dtxfθ−η+ = −
1
2
(1− t)t∂xfθ+θ− −
1
2
t∂xfη+η− − 2(1− t)t∂xfθ−η+ , (4.27a)
Dtxfθ+η− =
1
2
(1− t)t∂xfθ+θ− +
1
2
t∂xfη+η− − 2(1− t)t∂xfθ+η− , (4.27b)
Dtxfθ+θ− = −
1
2
t∂x(fθ−η+ − fθ+η−)− (2− 3t)t∂xfθ+θ− , (4.27c)
Dtxfη+η− = −
1
2
(1− t)t∂x(fθ−η+ − fθ+η−)− (2− t)t∂xfη+η− . (4.27d)
The solution to these equations (and simultaneously to (4.24)) are parameterized by the
arbitrary constants, b1,2,3,4
fθ−η+ =
e
ξpx
t
√
1−t√
1− t t
∆p−1(1 +
√
1− t)2−2∆p
[
b1 − b2(1−
√
1− t)
1 +
√
1− t +
b3
√
t
1 +
√
1− t
]
, (4.28a)
fθ+η− =
e
ξpx
t
√
1−t√
1− t t
∆p−1(1 +
√
1− t)2−2∆p
[
−b1 + b2(1−
√
1− t)
1 +
√
1− t +
b3
√
t
1 +
√
1− t
]
, (4.28b)
fθ+θ− =
e
ξpx
t
√
1−t
1− t t
∆p−1(1 +
√
1− t)2−2∆p
[
b1 +
b2(1−
√
1− t)
1 +
√
1− t +
b4
√
t
1 +
√
1− t
]
, (4.28c)
fη+η− = e
ξpx
t
√
1−t t∆p−1(1 +
√
1− t)2−2∆p
[
b1 +
b2(1−
√
1− t)
1 +
√
1− t −
b4
√
t
1 +
√
1− t
]
. (4.28d)
From the structure of the fermionic terms (see for instance (4.17)) it is clear that the mixed
blocks (Bjimn and Cjimn) should correspond to solutions with non-zero b coefficients, while the
other blocks have non-zero a coefficients. We can find the value for these integration constants
by comparing the small t and x expansion of the solutions above with (the large c limit of)
3Actually we are discarding another four independent solutions from the beginning because they solve (4.24)
with the wrong sign in the exponent as compared with the OPE.
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(4.17). We find that the blocks are given by the above function g∆,ξ(p|t, x, θ±, η±) with only
one non-zero integration constant. These are for the
A− block : a1 = 2−2+2∆p , D − block : a2 = 2
2∆p
ξ2p
, (4.29a)
B − block : b2 = −22∆p−2 , C − block : b1 = 22∆p−2 . (4.29b)
Putting the above results together, the final solution for the global blocks at equal external
weights ∆ and ξ reads
A(p|t, x, θ±, η±) = e−xt (2ξ−ξp) e
(1−√1−t)√
1−t
x
t
ξp
t2∆−∆p
√
1− t
(
1
2 +
1
2
√
1− t)2−2∆p , (4.30a)
B(p|t, x, θ±, η±) = e
−x
t
(2ξ− ξp√
1−t )(θ+ +
√
1− t η+)(θ− +√1− t η−)
4 t2∆−∆p(t− 1) (12 + 12√1− t)2∆p , (4.30b)
C(p|t, x, θ±, η±) = e
−x
t
(2ξ− ξp√
1−t )(θ+ −√1− t η+)(θ− −√1− t η−)
t2∆−∆p+1(1− t) (12 + 12√1− t)2∆p−2 , (4.30c)
D(p|t, x, θ±, η±) = e−xt (2ξ+ξp) e
(1+
√
1−t)√
1−t
x
t
ξp
ξ2p t
2∆−∆p−1√1− t
(
1
2 +
1
2
√
1− t)−2∆p . (4.30d)
This is one of the main results of this paper: the global democratic (or homogeneous) su-
persymmetric Galilean conformal blocks. Since in this case the global subgroup (which was
used to derive this result) is isomorphic to the N = 2 supersymmetric Poincare´ algebra, these
block correspond to the global super Poincare´ blocks (upon exchanging the coordinates t and
x). It would be interesting to compute this result holographically in the supergravity theories
studied in [77] by means of the methods developed for flat space holography in [57].
5 Supersymmetric Galilean conformal blocks: N = 2 despotic
The N = 2 supersymmetric extension of the GCA algebra in which the fermionic generators
scale in the same way as the bosonic generators in the limit from the N = (1, 1) super-
conformal algebra is referred to as the despotic or the inhomogeneous SGCA algebra. The
representations and correlation functions were studied in [73]. Here we will extend the analysis
to the supersymmetric Galilean blocks and their large c limit.
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The algebra has commutation relations
[Ln, Lm] = (n−m)Lm+n + cL
12
n(n2 − 1)δm+n,0 , (5.1a)
[Ln,Mm] = (n−m)Mm+n + cM
12
n(n2 − 1)δm+n,0 , (5.1b)
[Ln, Gr] = (
n
2 − r)Gr+n , (5.1c)
[Ln, Hr] = [Mn, Gr] = (
n
2 − r)Hr+n , (5.1d)
{Gr, Gs} = 2Lr+s + cL
6
(r2 − 14)δr+s,0 , (5.1e)
{Gr, Hs} = 2Mr+s + cM
6
(r2 − 14)δr+s,0 , (5.1f)
[Mn,Mm] = 0 = [Mn, Hr] = {Hr, Hs} . (5.1g)
The algebra has a super Virasoro subalgebra spanned by Ln and Gr and it satisfies a natural
grading (apart from the grading of supersymmetry) under which Ln, Gr are even and Mn, Hr
are odd. This means that the commutators of even generators among themselves give even
generators, even with odd generators give odd generators on the right hand side, while odd
generators (anti-)commute.
We will work exclusively in the NS sector, where r takes half integer values and the global
subalgebra is spanned by Ln,Mn with n = −1, 0,+1 and Gr, Hr with r = ±12 . The vector
fields generating this supersymmetric algebra on superspace parameterized by (t, x, θ, χ) are
Ln = −tn+1∂t − (n+ 1)xtn∂x − n+ 1
2
tn
(
θ∂θ + χ∂χ
)− n(n+ 1)
2
xtn−1θ∂χ , (5.2a)
Mn = −tn+1∂x − n+ 1
2
tnθ∂χ , (5.2b)
Gr = −tr+ 12 (θ∂t + χ∂x − ∂θ)− (r + 12)xtr−
1
2 (θ∂x − ∂χ) , (5.2c)
Hr = −tr+ 12 (θ∂x + ∂χ) , (5.2d)
where the Grassmann coordinates (θ, χ) are associated to Gr, Hr respectively. Note the ap-
pearance of fermionic dependence in the Mn generators, due to their non-trivial commutation
relation with the supercharges Gr.
Primary fields can be organized as superfields, depending on all super coordinates, which
we will keep denoting by Φ(t, x, θ, χ)
Φ(t, x, θ, χ) = φ(t, x) + θψ1(t, x) + χψ2(t, x) + θ χF (t, x) . (5.3)
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The action of the generators on primary fields is given by
δLnΦp(t, x, θ, χ) = [Ln,Φp] =
[
tn+1∂t + (n+ 1)xt
n∂x +
n+ 1
2
tn
(
θ∂θ + χ∂χ
)
(5.4a)
+
n(n+ 1)
2
xtn−1θ∂χ + ξpn(n+ 1)xtn−1 + ∆p(n+ 1)tn
]
Φp(t, x, θ, χ) ,
δMnΦp(t, x, θ, χ) = [Mn,Φp] =
[
tn+1∂x +
n+ 1
2
tnθ∂χ + ξp(n+ 1)t
n
]
Φp(t, x, θ, χ) , (5.4b)
δGrΦp(t, x, θ, χ) = [Gr,Φp] =
[
tr+
1
2 (∂θ − θ∂t − χ∂x) + (r + 12)xtr−
1
2 (∂χ − θ∂x) (5.4c)
− 2(r + 12)tr−
1
2 (∆pθ + ξpχ)− 2ξp(r2 − 14)tr−
3
2xθ
]
Φp(t, x, θ, χ) ,
δHrΦp(t, x, θ, χ) = [Hr,Φp] =
[
tr+
1
2 (∂χ − θ∂x)− 2ξp(r + 12)tr−
1
2 θ
]
Φp(t, x, θ, χ) . (5.4d)
Primary states are still labeled by their M0 and L0 eigenvalue and the in and out states are
defined as before by inserting a field at the origin of superspace and at the infinite future
respectively
|∆p, ξp〉 = φp(0, 0)|0〉 = Φp(0, 0, 0, 0)|0〉 , 〈∆p, ξp| = lim
t→∞ t
2∆p〈0|Φp(t, 0, 0, 0) . (5.5)
Here the vacuum state |0〉 is defined as being annihilated by all lowering operators and the
global subgroup (so by all Ln,Mn, Gn, Hn with n ≥ −1). Raising operators Ln,Mn, Gn, Hn
with n < 0 create descendants in the despotic SGCA module
|∆p, ξp, {N}〉 ≡ L−{k}M−{l}G−{r}H−{s}|∆p, ξp〉 (5.6)
= L−k1 . . . L−knM−l1 . . .M−lmG−r1 . . . G−raH−s1 . . . H−sb |∆p, ξp〉 .
Where {k}, {l}, {r}, {s} are ordered sets of integers such that ki ≥ ki+1, li ≥ li+1, ri >
ri+1 and si > si+1. Particularly, following from the transformation rules (5.4) the states
corresponding to the fields ψ1, ψ2 and F in (5.3) can be obtained as descendants of (5.5)
|ψ1〉 = G−1/2|∆, ξ〉 , |ψ2〉 = H−1/2|∆, ξ〉 , (5.7a)
|F 〉 = 1
2
(H−1/2G−1/2 −G−1/2H−1/2)|∆, ξ〉 . (5.7b)
The L0 weights of these states are shifted by one half for the fermions |ψi〉 and by one for the
boson |F 〉, but now M0 acts non-diagonally on the fermions:
M0|ψ1〉 = ξ|ψ1〉+ 1
2
|ψ2〉 , M0|ψ2〉 = ξ|ψ2〉 . (5.8)
This is reminiscent of the Jordan block structure encountered in logarithmic CFTs (see for
instance [84]), used in this context in [58] to construct null ‘BMS-multiplets’.
Hermitian conjugation swaps the order of the generators and takes their index to minus
itself. The inner product of states M{N},{N ′} = 〈∆, ξ, {N}|∆, ξ, {N ′}〉 for the first few levels
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gives:
M1/2 =
[ 〈∆, ξ|G1/2
〈∆, ξ|H−1/2
] [
G−1/2|∆, ξ〉 H−1/2|∆, ξ〉
]
=
(
2∆ 2ξ
2ξ 0
)
, (5.9a)
M1 =
 〈∆, ξ|L1〈∆, ξ|H−1/2G1/2
〈∆, ξ|M1
 [L−1|∆, ξ〉 G−1/2H−1/2|∆, ξ〉 M−1|∆, ξ〉]
=
 2∆ 2ξ 2ξ2ξ 4ξ2 0
2ξ 0 0
 , (5.9b)
and
M3/2 =

(2∆ + 1)2∆ 4∆ (2∆ + 1)2ξ (2∆ + 1)2ξ 4ξ 4ξ2
4∆ 23cL + 2∆ 4ξ 4ξ
2
3cM + 2ξ 0
(2∆ + 1)2ξ 4ξ 0 4ξ2 0 0
(2∆ + 1)2ξ 4ξ 4ξ2 0 0 0
4ξ 23cM + 2ξ 0 0 0 0
4ξ2 0 0 0 0 0
 , (5.9c)
in the basis
{L−1G−1/2|∆, ξ〉, G−3/2|∆, ξ〉, L−1H−1/2|∆, ξ〉,M−1G−1/2|∆, ξ〉, H−3/2|∆, ξ〉,M−1H−1/2|∆, ξ〉}.
5.1 Despotic correlation functions and odd sector
The despotic algebra differs from the democratic algebra only in the fermionic generators,
hence the correlation functions for the bosonic quantities remain unchanged, while the fermionic
correlators will be different. In the two point function (2.9) this change is captured entirely
by replacing xmn and tmn by the new super coordinates xmn and tmn, defined as
xmn = xm − xn − θmχn − χmθn , and tmn = tm − tn − θmθn . (5.10)
The generic three point function still depends on two structure constants which we will
denote as cimn and c˜imn. This time however, the space and time coordinates become the
above supersymmetric coordinates and the Grassmann-valued invariants are slightly more
complicated. Specifically
〈Φi(ti, xi, θi, χi)Φm(tm, xm, θm, χm)Φn(tn, xn, θn, χn)〉 =
cimn + ΘinmΞinmc˜imn
t∆imnim t
∆mni
mn t
∆nim
ni
e
−ximξimn
tim
−xmnξmni
tmn
−xniξnim
tni . (5.11)
here Θinm is given by (3.8) with t replaced by t, or explicitly,:
Θijk =
tijθk + tjkθi + tkiθj − 12θiθjθk√
tijtjktki
, (5.12)
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and Ξinm reads:
Ξinm =(2
√
tintnmtmi)
−1
[
2(timχn + tmnχi + tniχm) + (ximθn + xmnθi + xniθm)
− timθn
(xmn
tmn
+
xni
tni
)
− tmnθi
(xni
tni
+
xim
tim
)
− tniθm
(xim
tim
+
xmn
tmn
)
− (θiθmχn + θiχmθn + χiθmθn) + 1
2
θiθmθn
(xim
tim
+
xmn
tmn
+
xni
tni
)]
. (5.13)
It can be verified that these Grassmann valued combinations are invariant under the global
subalgebra of the despotic SGCA.4
The four point correlator depends on an arbitrary function of two bosonic and four
fermionic cross ratios. We take it, at equal external weights, to be
〈Φ(ti, xi, θi, χi)Φ(tj , xj , θj , χj)Φ(tm, xm, θm, χm)Φ(tn, xn, θ±n )〉
= t−2∆ij t
−2∆
mn e
−2ξ(xij/tij+xmn/tmn)FSGCA(T,X, τ1, τ2, τ3, τ4) . (5.14)
where now the bosonic cross ratios read
T =
tijtmn
timtjn
=
tijtmn
timtjn
(
1− θjθn
tjn
− θiθm
tim
+
θiθjθmθn
timtjn
)
, (5.15a)
X = T
[xij
tij
+
xmn
tmn
− xim
tim
− xjn
tjn
]
, (5.15b)
and we have defined four nilpotent Grassmannian invariants from conveniently chosen com-
binations of (5.12) and (5.13)
τ1 =
√
1− TΘimj , τ2 = Θinj , (5.16)
τ3 =
√
1− T
(
Ξimj − 1
2
X
(1− T)Θimj
)
, τ4 = Ξinj . (5.17)
After a global SGCA transformation, we may fix the coordinates of the four point function
to
{(tk, xk, θk, χk)} = {(∞, 0, 0, 0), (1, 0, 0, 0), (t, x, θ, χ), (0, 0, θ˜, χ˜)} . (5.18)
At these points the cross ratios (5.15a) become
T = t = t− θθ˜ , X = x = x− θχ˜− χθ˜ , (5.19)
and
τ1 = −θ , τ2 = −θ˜ , τ3 = −χ , τ4 = −χ˜ . (5.20)
Explicitly expanding in the fermionic coordinates, we may write the correlator (5.14) in terms
of eight bosonic functions. We will label these functions by the Grassmann coordinates they
multiply at the points (5.18) as
〈∆, ξ|Φ(1, 0, 0)Φ(t, x, θ, χ)Φ(0, 0, θ˜, χ˜)|0〉 = t−2∆e−2xt ξ
(
F0(t, x) + θθ˜Fθθ˜(t, x) + χθ˜Fχθ˜(t, x)
+ χχ˜Fχχ˜(t, x) + θχ˜Fθχ˜(t, x) + θχFθχ(t, x) + θ˜χ˜Fθ˜χ˜(t, x) + θχθ˜χ˜Fθχθ˜χ˜(t, x)
)
, (5.21)
4The possibility to consider these invariants was unfortunately wrongly dismissed in [73].
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5.2 Despotic SGC blocks
Just like in the democratic case (4.14), the presence of two independent structure constants
in the three point function implies that the four point function expands into four blocks
〈∆i, ξi|Φj(1, 0, 0, 0)Φm(t, x, θ, χ)Φn(0, 0, θ˜, χ˜)|0, 0〉 =
∑
p
[
cpjic
p
mnAjimn(p|Z)
+ c˜pjic
p
mnBjimn(p|Z) + cpjic˜pmnCjimn(p|Z) + c˜pjic˜pmnDjimn(p|Z)
]
, (5.22)
where for sake of conciseness we have used Z = {t, x, θ, θ˜, χ, χ˜} to denote the coordinate
dependence. In order to write down the explicit form of the blocks we split the three point
functions (5.11) into the two sectors, one per independent structure constant, i.e. 〈ΦΦΦ〉 =
〈ΦΦΦ〉c + 〈ΦΦΦ〉c˜. At a convenient choice of coordinates the three point functions are
〈∆i, ξi|Φm(t, x, θ, χ)Φn(0, 0, θ˜, χ˜)|0〉c = cimn
t∆mni
e−
x
t
ξmni , (5.23a)
〈∆i, ξi|Φm(t, x, θ, χ)Φn(0, 0, θ˜, χ˜)|0〉c˜ = c˜imn
t∆mni+1
e−
x
t
ξmni(θ − θ˜)(χ− χ˜) . (5.23b)
The four different blocks are computed the same way as in previous sections: one introduces
a complete basis of states in the middle of the four point function (5.14) and identifies the
appropriate block by the structure constants it multiplies. The general expressions in this
case are equivalent to (4.16), but with θ± replaced by {θ, χ} and η± replaced by {θ˜, χ˜}. Of
course, the actual values for the inverse Kac determinant and the OPE coefficients are now
different and the three point functions are computed by acting with the differential operators
(5.4) on the three point functions (5.23). Explicitly computing the first few terms in the
expansion gives at equal external weights
A(p|Z) = t−2∆+∆pe−xt (2ξ−ξp)
[
1 + t
∆p
2
+ x
ξp
2
+ . . .
]
, (5.24a)
B(p|Z) = t−2∆+∆pe−xt (2ξ−ξp)
[
−14(θ + θ˜)(χ+ χ˜) + . . .
]
, (5.24b)
C(p|Z) = t−2∆−∆p+1e−xt (2ξ+ξp) e
2x
t
ξp
2
t2∆p−2
[
xθθ˜ + t(θχ− θ˜χ˜) (5.24c)
+ (2 + t∆p + xξp)(θ − θ˜)(χ− χ˜) + . . .
]
,
D(p|Z) = −t−2∆−∆p+1e−xt (2ξ+ξp) t
2∆e2
x
t
ξp
4ξ2p
[
1 + t
1 + ∆p
2
+ x
ξp
2
+ . . .
]
. (5.24d)
By considering how the invariant cross ratios behave under crossing symmetry we can obtain
the N = 2 despotic bootstrap equations. Crossing symmetry takes the cross ratios T,X and
τk with k = 1, . . . , 4 at the points (5.18) to
T→ 1− t , X→ −x , (5.25a)
τ1 → i(θ − θ˜) , τ2 → −iθ˜ , τ3 → i(χ− χ˜) , τ4 → −iχ˜ . (5.25b)
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After expanding the four point function (5.22) in the ni ↔ mj channel and using the above
relations we may write the N = 2 despotic (on inhomogeneous) supersymmetric Galilean
conformal bootstrap equations as∑
p
cpjic
p
mnAjimn(p|Z) =
∑
p′
cp
′
nic
p′
mjAnimj(p′|Z′) , (5.26)∑
p
c˜pjic˜
p
mnDjimn(p|Z) =
∑
p′
c˜p
′
nic˜
p′
mjDnimj(p′|Z′) , (5.27)
and∑
p
[
c˜pjic
p
mnBjimn(p|Z)+cpjic˜pmnCjimn(p|Z)
]
=
∑
p′
[
c˜p
′
nic
p′
mjBnimj(p′|Z′)+cp
′
nic˜
p′
mjCnimj(p′|Z′)
]
, (5.28)
where Z = {t,x, θ, θ˜, χ, χ˜} and Z′ = {1− t,−x, i(θ˜ − θ), iθ˜, i(χ˜− χ), iχ˜}.
5.3 Global N = 2 despotic blocks
Like in the cases described in previous sections, we would like to find the global blocks for
the despotic SGCA. We again consider the case where are all the external primary fields have
the equal weights. The method employed is the same, so we will just give the results. We
first write the Casimirs for the algebra (5.1)
C1 = M20 −M1M−1 +
1
2
H 1
2
H− 1
2
, (5.29a)
C2 = 2L0M0 − 1
2
(L1M−1 + L−1M1 +M1 L−1 +M−1 L1)
+
1
4
(G 1
2
H− 1
2
+H 1
2
G− 1
2
−G− 1
2
H 1
2
−H− 1
2
G 1
2
) . (5.29b)
It can be easily seen that the eigenvalues of the Casimirs on the primary state |∆p, ξp〉 are
given by
λp1 = ξ
2
p , λ
p
2 = ξp(2∆p − 1) . (5.30)
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The differential equations obtained by inserting the Casimir C1 into the four point function,
written in terms of the differential operators (2.31), are given by
D2xF0 = −
1
2
t∂xFχχ˜ , (5.31a)
D2xFθθ˜ = −
1
2t
ξ2pF0 +
1
2
t(2− 3t)∂xFχθ˜ +
1
4
(1− 2t)Fχχ˜ − 1
2
t(t− 2)∂xFθχ˜
+
1
2
t(t− 1)∂xFθχ + t
2
∂xFθ˜χ˜ +
t
2
Fθχθ˜χ˜ , (5.31b)
D2xFχθ˜ = −
1
2
t(t− 2)∂xFχχ˜ , (5.31c)
D2xFχχ˜ = 0 , (5.31d)
D2xFθχ˜ = −
1
2
t(3t− 2)∂xFχχ˜ , (5.31e)
D2xFθχ =
1
2
t∂xFχχ˜ , (5.31f)
D2xFθ˜χ˜ =
1
2
t(t− 1)∂xFχχ˜ , (5.31g)
D2xFθχθ˜χ˜ = −
1
2t
ξ2pFχχ˜ . (5.31h)
For the second Casimir the differential equations are
DtxF0 = 1
2
(
x∂xFχχ˜ + t(Fχθ˜ + Fθχ˜)
)
, (5.32a)
DtxFθθ˜ =
1
2t
[
λp2 −
x
t
λp1
]
F0 + 2t(t− 1)∂xFθθ˜ −
1
4
[(2t− 1) + 2t(t− 2)∂t + 4(t− 1)x∂x]Fθχ˜
+
x
2
Fχχ˜ +
1
4
[(6t− 1) + 2t(3t− 2)∂t + 4(3t− 1)x∂x]Fχθ˜
− 1
2
[t+ t(t− 1)∂t + (2t− 1)x∂x]Fθχ − 1
2
[t∂t + x∂x]Fθ˜χ˜ −
x
2
Fθχθ˜χ˜ , (5.32b)
DtxFχθ˜ =
1
2t
λp1F0 + 2(t− 1)t∂xFχθ˜ +
1
4
[(2t− 1) + 2t(t− 2)∂t + 4(t− 1)x∂x]Fχχ˜
+
1
2
t(t− 1)∂xFθχ − t
2
∂xFθ˜χ˜ +
t
2
Fθχθ˜χ˜ , (5.32c)
DtxFχχ˜ = 2(t− 1)t∂xFχχ˜ , (5.32d)
DtxFθχ˜ = 1
2t
λp1F0 +
1
4
[(6t− 1) + 2t(3t− 2)∂t + 4(3t− 1)x∂x]Fχχ˜ + 2(t− 1)t∂xFθχ˜
− 1
2
t(t− 1)∂xFθχ − t
2
∂xFθ˜χ˜ +
t
2
Fθχθ˜χ˜ , (5.32e)
DtxFθχ = − t
2
∂xFχθ˜ −
1
2
[t∂t + x∂x]Fχχ˜ +
t
2
∂xFθχ˜ + t(3t− 2)∂xFθχ , (5.32f)
DtxFθ˜χ˜ =
1
2
t(t− 1)∂xFχθ˜ −
1
2
[t+ t(t− 1)∂t + (2t− 1)x∂x]Fχχ˜ − 1
2
t(t− 1)∂xFθχ˜
+ t(t− 2)∂xFθ˜χ˜ , (5.32g)
DtxFθχθ˜χ˜ =
λp1
2t
(Fχθ˜ +
x
t
Fχχ˜ + Fθχ˜)− λ
p
2
2t
Fχχ˜ + 4t(t− 1)∂xFθχθ˜χ˜ . (5.32h)
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Solving these differential equations and fixing the integration constants by comparing the
small t and x expansion of the solution with (5.24), we can obtain the global blocks for
despotic SGCA. We find:
A(p|Z) = e
x
t
(ξp−2ξi)
t2∆i−∆p
e
(1−√1−t)√
1−t
x
t
ξp
√
1− t (12 + 12√1− t )2∆p−2 ,
B(p|Z) = e
x
t
(ξp−2ξi)
4t2∆i−∆p
e
(1−√1−t)√
1−t
x
t
ξp
(1− t) (12 + 12√1− t )2∆p
[
x
2
√
1− tθθ˜ (5.33a)
− (θ +√1− t θ˜)(χ+√1− t χ˜)
]
,
C(p|Z) = e
−x
t
(ξp+2ξi)
t2∆i+∆p−1
e
(1+
√
1−t)√
1−t
x
t
ξp
√
1− t
(
2− 2√1− t)2∆p−2 [ x
2(1− t)θθ˜ (5.33b)
+
1√
1− t(θ −
√
1− t θ˜)(χ−√1− t χ˜)
]
,
D(p|Z) = − 1
4ξ2p
e−
x
t
(ξp+2ξi)
t2∆i+∆p−1
e
(1+
√
1−t)√
1−t
x
t
ξp
√
1− t
(
2− 2√1− t)2∆p . (5.33c)
This is the last main result of this paper: the despotic N = 2 supersymmetric Galiliean
conformal blocks.
6 Conclusions
In this paper we have set up the bootstrap program for quantum field theories with non-
relativistic conformal supersymmetry. We have explicitly derived the bootstrap equations in
terms of the supersymmetric Galilean conformal (SGC) blocks, which we have computed in
the limit of large central charge in three different supersymmetric extensions of the Galilean
conformal algebra. There are many possible paths for further research related to this work,
which are needed to deepen the understanding of these types of theories. We mention a few
here.
Some important aspects to analyze are the roles of null states and fusion rules in theories
with SGC invariance. Generically the presence of null states imposes additional constraints on
the correlation functions and on the blocks. Interestingly, in [73] null states for the despotic
case were found which could not be obtained from a limit of null states in the relativistic
N = (1, 1) superconformal theory. It thus seems that the non-relativistic theory could have
more null states than its relativistic cousin and a thorough analysis might lead to novel
constraints which could be used to study the Galilean conformal blocks beyond the large c
limit and the non-relativistic fusion rules.
Another avenue of future research would be to compute the subleading corrections to
the global blocks from suitable generalizations of [24, 25] to the non-relativistic case. In that
work a conformal transformation is used to map the conformal block with heavy operator
insertions (with weight scaling with c in the large c limit) to the global block in a non-trivial
background. Their result has implications for holography, where the block with both light
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and heavy operators corresponds to a light probe interacting with a bulk BTZ black hole. A
similar setting was used in 3D flat space holography in [58] and it would be interesting to
extend this to the supersymmetric Galilean conformal blocks presented here and the three
dimensional flat space supergravities of [75, 77].
Concerning the application of field theory results to flat holography in three dimensions, a
key issue still remains to be addressed. As mentioned in the introduction, many of the results
in the flat space holography literature use the non-relativistic Galilean conformal theory
and then swap the space and time coordinate with the null direction along and the spatial
coordinate at I . Although this seems to work in many cases, it is still unclear how to derive
these results (for our case in particular, the BMS blocks) from an intrinsically ultra-relativistic
point of view. This is especially relevant if one wants to understand the BMS blocks in higher
dimensions, where the isomorphism with GCA fails (in fact, in any dimension the BMS group
is the conformal extension of the Carroll group [85]). Progress in this direction could come
from a more detailed understanding of BMS invariant quantum field theories in the unitary
induced representations of [50].
Further possible extensions of the present work is to include the presence of R-symmetry
in the N = 2 cases. Those theories are obtained from the non-relativistic limit of N =
(2, 0) superconformal theories. In addition one could set up the same procedure in higher
dimensions, where (unlike the conformal algebra) the Galilean conformal algebra remains
infinite dimensional, though the isomorphism with BMS is lost. Lastly, it would be very
interesting to extend the present work with a study of the implications of (a suitable limit of)
modular invariance in Galilean conformal theories. This is because the necessary and sufficient
conditions for a CFT to be defined consistently on two dimensional Riemann surfaces of
arbitrary genus are crossing symmetry of the four-point functions on the sphere, and modular
invariance of the partition function and the one-point functions on the torus [86]. It would
be interesting to see whether the notion of non-relativistic modular invariance developed in
[52] can similarly be used to constrain the GCA data through a non-relativistic version of
the modular bootstrap [87] and, in combination with crossing symmetry on the sphere, define
consistent non-relativistic conformal field theories on 2 dimensional surfaces with higher genus.
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A Operator product expansions
In this appendix we collect some explicit expressions for the OPE and their various β co-
efficients used in the main text. We will also point out some subtleties that arise when
considering the supersymmetric extensions.
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A.1 The bosonic OPE
The operator product expansion (OPE) allows one to express the product of two primaries
as a sum over primaries and its descendants. The form of the OPE is fixed by consistency
with the Cartan subalgebra of the global Galilean algebra to have the form:
φm(tm, xm)φn(tn, xn) =
∑
p,{N}
cpmn
t
∆mnp−N
mn
e−
xmn
tmn
ξmnp
|l|∑
α=0
βp,{N},αmn
(
xmn
tmn
)α
φ{N}p (tn, xn) . (A.1)
Imposing the invariance under the action of L0 fixes the functional form of the OPE, while
acting with M0 on both sides of the OPE one can prove that α = 0 whenever no M -insertions
are present one the right hand side. By induction one can prove that α must run from the 0
to the number of M -insertions in the descendant φ
{N}
p . Note that we are using the definitions
(see also (2.4))
φ{N}p (tn, xn) = L−{k}M−{l}φp(tn, xn) = L−k1 . . . L−kiM−li . . .M−ljφp(tn, xn) . (A.2)
The coefficients β
p,{N},α
mn where computed in [35] by deriving recursive relations between the
states. They can also be computed by acting with the raising operators Ln and Mn as
differential operators (2.8) on the three point functions and comparing like powers of x:
|l|∑
α=0
β p,{N},αmn x
α =
∑
{N ′}
ex ξmnp
cpmn
M{N},{N
′}〈∆p, ξp, {N ′}|φm(t, x)|∆n, ξn〉
∣∣∣
t=1
. (A.3)
The explicit expressions for the OPE coefficients are given in [35] up to level 2.5
A.2 N = 1
The operator product expansion for SGCA primary fields can be derived by requiring it to
have the proper scaling under the Cartan subalgebra of the N = 1 SGCA global algebra
(3.3). The most general OPE reads:
Φm(tm, xm, θm)Φn(tn, xn, θn) =
∑
p
cpmn
t
∆mnp
mn
e−
xmn
tmn
ξmnp
∑
{N},α,γ
βp,{N},α,γmn t
N−α− q
2
−γ
mn x
α
mn
× (θm − θn) q (θmθn)γ Φ{N}p (tn, xn, θn) , (A.4)
where q = 1 and γ = 0 whenever N ∈ Z+ 12 and q = 0 , γ = 0, 1 when N ∈ Z. Clearly, when
the second set of coordinates is fixed to be the origin of superspace, (tn, xn, θn) = (0, 0, 0) the
OPE simplifies considerably since xmn → x, tmn → t and γ → 0:
Φm(t, x, θ)Φn(0, 0, 0) =
∑
p
cpmn
t∆mnp
e−
x
t
ξmnp
∑
{N},α
βp,{N},α,0mn t
N−α− q
2 xαθ q Φ{N}p (0, 0, 0) . (A.5)
5Note that we are using slightly different conventions here. To recover the results in [35] one should take
u→ t and v → −x.
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Here we will be treating the more general case to explicitly show some of the subtleties that
arise due to a non-zero θn. This is needed if we wish to express the blocks (3.15) in terms of
OPE coefficients.
Let us first look at the OPE coefficients β
p,{N},α,0
mn . They can be computed by acting with
the differential operators (3.3) on the three point function and comparing like coefficients of
x and θ∑
α
βp,{N},α,0mn x
α(−θ)q =
∑
{N ′}
exξmnp
cpmn
M{N},{N
′}〈∆p, ξp, {N ′}|Φm(t, x, θ)|∆n, ξn〉
∣∣∣∣
t=1
. (A.6)
Specifically this implies that the three point function with descendants at (t, x, θ) = (1, 0, 0)
is simply
〈∆p, ξp, {N}|Φm(1, 0, 0)|∆n, ξn〉 =
∑
{N ′}
|N ′|∈Z
cpmnβ
p,{N ′},0,0
mn M{N ′},{N} , (A.7)
where the sum on the right hand side only runs over integer levels. This accounts for the first
three point function in (3.15).
The OPE coefficients are related to one another according to recursion relations, which
are obtained by acting with lowering operators on both sides of the OPE (A.5)
Lk|N + k, α, q〉 =
(
∆p −∆n +N + k(α+ q2 + ∆m)
)
|N,α, q〉 (A.8a)
+ k(ξm k + ξp − ξn)|N,α− 1, q〉 ,
Mk |N + k, α, q〉 = (α+ 1)|N,α+ 1, q〉+ (ξm k + ξp − ξn)|N,α, q〉 , (A.8b)
Qr|N + r, α, 0〉 = |N,α, 1〉 , (A.8c)
Qr|N + r, α, 1〉 = 12
(
(α+ 1)|N,α+ 1, 0〉+ (2 ξm r + ξp − ξn)|N,α, 0〉
)
, (A.8d)
with k, r > 0. The states |N,α, q〉 are defined as:
|N,α, q〉 =
∑
{~k,~l,~r}
|~k|+|~l|+|~r|=N
βp,{~k,~l,~r},α,0mn L−~k M−~l Q−~r |∆p, ξp〉 , (A.9)
with β{0,0,0},0,0 = 1 and q = (0, 1) when N ∈ (Z,Z + 12) respectively. It is easy to check
that combining both the recursion relations involving the supergenerator Qr one obtains the
recursion relation imposed by 12M2r.
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The first few coefficients of the N = 1 supersymmetric GCA2 OPE (A.5) are
level 12 : β
p,{0,0,12},0,0
mn =
ξpmn
2 ξp
, (A.10a)
level 1 : βp,{1,0,0},0,0mn = β
p{0,1,0},1
mn =
ξpmn
2ξp
, (A.10b)
βp,{0,1,0},0,0mn =
∆pmn
2ξp
− ξpmn∆p
2ξ2p
, (A.10c)
level 32 : β
p,{0,1,12},1,0
mn = β
p,{1,0,12},0
mn =
ξ2pmn
4 ξ2p
, (A.10d)
β
p,{0,0,32},0,0
mn =
3
2
1
cM + 3 ξp
(
ξm + ξn − (ξm − ξn)
2
ξp
)
, (A.10e)
β
p,{0,1,12},0,0
mn =
1
8ξ3p
[(
2ξp∆pmn − 2∆pξpmn + ξpnm
)
ξpmn
− 12 ξ
2
p
cM + 3ξp
(
ξm + ξn − (ξm − ξn)
2
ξp
)]
. (A.10f)
To obtain the second three point function in (3.15), we need the coefficients β
p,{~k,~l,~r},α,1
mn . One
can find the first few by acting with the raising operator Q− 1
2
on both sides of the OPE (once
as a generator and once as a differential operator) and compare like powers of the coordinates.
We obtain
βp,{0,0,0},0,1mn = β
p,{1,0,0},0,1
mn = β
p,{0,1,0},1,1
mn = 0 , β
p,{0,1,0},0,1
mn = β
p,{0,0,12},0,0
mn . (A.11)
A formula which fixes the coefficients β
p,{N},α,1
mn along the lines of (A.6) exists, but is more
complicated due to the presence of the Grassmann variables in the second operator Φn. These
coefficients are computed by computing the θη-component of the three point function
(cpmn)
−1ex ξmnp〈∆p, ξp, {N ′}|Φm(t, x, θ)Φn(0, 0, η)|0〉|t→1 , (A.12)
in two different ways. First one can compute it by acting with the differential operator form
of the descendants (3.3) in {N ′} on the three point function 〈∆p, ξp|Φm(t, x, θ)Φn(0, 0, η)|0〉 =
e−
x
t
ξmnpt−∆mnp and then read off the θη component.
This should then equal all possible θη components which appear when expanding the
primaries ΦmΦn with the OPE. Looking closely at (A.4) we see that there are three possible
sources for these terms. One are the γ = 1 terms, which we are after. Another comes from
xα which expanded in Grassmann coordinates reads xα − α2xα−1θη. The third contribution
comes from the fact that 〈∆p, ξp, {N ′}|Φ{N}p (0, 0, η)|0〉 is not the diagonal Kac matrix, but re-
ceives contributions from half integer level descendants in {N} times η. Explicitly, expanding
Φp(0, 0, η)|0〉 = |∆p, ξp〉+ ηQ−1/2|∆p, ξp〉 we have that
〈∆p, ξp, {N ′}|Φ{N}p (0, 0, η)|0〉 = M{N ′},{N} (A.13)
− η〈∆p, ξp, {N ′}|L−{k}M−{l}Q−{r}Q−1/2|∆p, ξp〉 .
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Putting this all together, we see that the θη terms of (A.12) should equal∑
{N},α
|N |∈Z
(
βp,{N},α,1mn x
α − βp,{N},α,0mn
α
2
xα−1
)
M{N ′},{N}
−
∑
{N},α
|N |∈Z+ 1
2
βp,{N},α,0mn x
αM{N ′},{N+ 1
2
} , (A.14)
where here {N + 12} denotes the descendant generated by L−{k}M−{l}Q−{r}Q−1/2. This
fixes the β coefficients with γ = 1 in terms of known β’s. In general these relations could
become quite cumbersome to solve, however there is an argument which allows us to find the
contribution to the blocks (3.15) in the limit of large central charge. In this limit the only
descendants contributing to the blocks are those of the global subalgebra {L−1,M−1, Q−1/2}.
When computing the θη contributions to (A.12) for these descendants by acting on the three
point function with the differential operators (3.3) we see that it vanishes. This implies that
(A.14) should vanish as well. Hence all coefficients β
p,{N},α,1
mn are such that they cancel the
other contributions to (A.14) in the limit of large central charges. This implies that all θη
dependence in the second three point function of the block (3.15) is captured by the exponent
e−
x
t
ξmnp from the OPE (A.4). So we may write
lim
cM/L→∞
〈∆p, ξp, {N ′}|Φm(t, x, θ)Φn(0, 0, η)|0〉
=
cpmne
−x
t
ξmnp
t∆mnp
∑
{G},α
βp,{G},α,0mn t
G−αxαM{G′},{G} , (A.15)
where now {G} denotes only descendants in the global subalgebra at level G, such that
|∆p, ξp, {G}〉 = (L−1)k(M−1)l(Q−1/2)q|∆p, ξp〉 and G = k + l + q/2 and q = (0, 1).
This implies that the global N = 1 supersymmetric Galilean conformal blocks gjimn can
be expressed in terms of the OPE coefficients as
gjimn(p|t, x, θ, η) =
e−ξmnp
x
t
t∆mnp
∑
{G},{G′},α
|G′|=|G|∈Z
tG−αxαβp,{G
′},0,0
ji M{G′},{G}β
p,{G},α,0
mn . (A.16)
Note that the factor of xα appearing here is not the supersymmetric coordinate xα, as we
have shown that all the θη dependent terms are in the exponent.
A.3 N = 2 Democratic
In the N = 2 cases the appearance of a second structure constant in the three point function
implies that the OPE will also receive two separate contributions, leading to two sectors with
their own OPE coefficients, an ‘untilded sector’ with coefficients β
p,{N},α
mn and a ‘tilded sector’
denoted by β˜
p,{N},α
mn :
Φm(t, x, θ
±)Φn(0, 0, 0, 0) =
∑
p,{N},α
e−
x
t
ξmnpt−∆mnp+N−αxα
(
cpmnβ
p,{N},α
mn t
−R+S
2 (θ+)R(θ−)S
+ c˜pmnβ˜
p,{N},α
mn t
R+S−2
2 (θ+)1−R(θ−)1−S
)
L−{k}M−{l}Q+−{r}Q
−
−{s}Φp(0, 0, 0, 0) . (A.17)
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Here R and S are either 0 or 1, depending on the number of Q± descendants: an even number
of Q+ operators in the descendant implies |r| ∈ Z and R = 0, while an odd number implies
|r| ∈ Z+ 12 and R = 1. Likewise for S and the number of Q− operators.
The general expressions for the OPE with non-zero Grassmann coordinates on Φn, say η
±,
is clearly much more involved than in the N = 1 case. This time we would need to consider
quadratic and quartic combinations of the four Grassmann variables θ±, η±. However, since
the three-point functions relevant for the SGC blocks (i.e. with non-zero fermionic coordinate
dependence) can also be computed by acting with the differential operators (4.2) on the three
point function of primaries we will focus only on finding the coefficients β
p,{N},α
mn and β˜
p,{N},α
mn
for the OPE (A.17). These coefficients can be computed by acting on the three point function
with the differential operators (4.2) and comparing like powers of x and θ±:∑
α
(−)R+Sxα
(
cpmnβ
p,{N},α
mn (θ
+)R(θ−)S + c˜pmnβ˜
p,{N},α
mn (θ
+)1−R(θ−)1−S
)
=∑
{N ′}
exξmnpM{N},{N
′}δQ−
+{s}
δQ+
+{r}
δM+{l}δL+{k}〈∆p, ξp|Φ(t, x, θ±)|∆n, ξn〉
∣∣∣
t=1
. (A.18)
The coefficients β and β˜ can alternatively be found by solving a set of recursive relations. First
we can split the OPE into two parts explicitly, one for each independent structure constant,
by writing
Φm(t, x, θ
±)|∆n, ξn〉 =
∑
p,{N},α
e−
x
t
ξmnpt−∆mnp+N−αxα
[
cpmnt
−R+S
2 (θ+)R(θ−)S |N,α,R, S〉
+ c˜pmnt
R+S−2
2 (θ+)1−R(θ−)1−S ˜|N,α,R, S〉
]
, (A.19)
where we have defined the states
|N,α,R, S〉 =
∑
{~k,~l,~r,~s}
|~k|+|~l|+|~r|+|~s|=N
βp,{~k,~l,~r,~s},αmn L−~k M−~l Q
+
−~r Q
−
−~s |∆p, ξp〉 . (A.20a)
and
˜|N,α,R, S〉 =
∑
{~k,~l,~r,~s}
|~k|+|~l|+|~r|+|~s|=N
β˜p,{~k,~l,~r,~s},αmn L−~k M−~l Q
+
−~r Q
−
−~s |∆p, ξp〉 . (A.20b)
Here R (S) is 0 for an even and 1 for an odd number of Q+ (Q−) descendants. The recursive
relations are obtained by acting with raising operators on both sides of (A.19) and comparing
like powers of the coordinates. In the case for the democratic SGCA the recursive relations
will not mix the contributions from β coefficients with those from β˜ coefficients and so we
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may write the recursive relations separately for the two sectors. They are
Lk|N + k, α,R, S〉 =
(
∆p −∆n +N + k(α+ R+S2 + ∆m)
)
|N,α,R, S〉 (A.21a)
+ k(ξm k + ξp − ξn)|N,α− 1, R, S〉 ,
Mk|N + k, α,R, S〉 = (α+ 1)|N,α+ 1〉+ (ξm k + ξp − ξn)|N,α,R, S〉 , (A.21b)
Q+r |N + r, α,R, S〉 = (−)S(1−R)|N,α, 1−R,S〉 (A.21c)
+ (−)
SR
2
(
(α+ 1)|N,α+ 1, 1−R,S〉+ (2 ξmr + ξp − ξn)|N,α, 1−R,S〉
)
,
Q−r |N + r, α,R, S〉 = (1− S)|N,α,R, 1− S〉 (A.21d)
+ S2
(
(α+ 1)|N,α+ 1, R, 1− S〉+ (2 ξmr + ξp − ξn)|N,α,R, 1− S〉
)
,
and
Lk ˜|N + k, α,R, S〉 =
(
∆p −∆n +N + k(α− R+S−22 + ∆m)
)
˜|N,α,R, S〉 (A.22a)
+ k(ξm k + ξp − ξn) ˜|N,α− 1, R, S〉 ,
Mk ˜|N + k, α,R, S〉 = (α+ 1) ˜|N,α+ 1〉+ (ξm k + ξp − ξn) ˜|N,α,R, S〉 , (A.22b)
Q+r
˜|N + r, α,R, S〉 = (−)S+1R ˜|N,α, 1−R,S〉 (A.22c)
+ (−)
S+1(1−R)
2
(
(α+ 1) ˜|N,α+ 1, 1−R,S〉+ (2 ξmr + ξp − ξn) ˜|N,α, 1−R,S〉
)
,
Q−r ˜|N + r, α,R, S〉 = S ˜|N,α,R, 1− S〉 (A.22d)
+ 1−S2
(
(α+ 1) ˜|N,α+ 1, R, 1− S〉+ (2 ξmr + ξp − ξn) ˜|N,α,R, 1− S〉
)
,
for k, r > 0.
The beta coefficients up to level 1 are given by:
level 12 : β
p,{0,0,12 ,0},0
mn = β
p,{0,0,0,12},0
mn =
ξpmn
2 ξp
, (A.23a)
β˜
p,{0,0,12 ,0},0
mn = −β˜p,{0,0,0,
1
2},0
mn = − 1
ξp
, (A.23b)
level 1 : βp,{1,0,0,0},0mn = β
p{0,1,0,0},1
mn =
ξpmn
2ξp
, (A.23c)
βp,{0,1,0,0},0mn =
∆pmn
2ξp
− ξpmn∆p
2ξ2p
, (A.23d)
β˜p,{1,0,0,0},0mn = β˜
p{0,1,0,0},1
mn =
ξpmn
2ξp
, (A.23e)
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β˜p,{0,1,0,0},0mn =
∆pmn + 1
2ξp
− ξpmn∆p
2ξ2p
, (A.23f)
β
p,{0,0, 1
2
, 1
2
},0
mn = −
ξ2pmn
4ξ2p
, (A.23g)
β˜
p,{0,0, 1
2
, 1
2
},0
mn =
1
ξ2p
. (A.23h)
A.4 N = 2 Despotic
For the despotic algebra (5.1), the functional form of the operator product expansion is
identical to the democratic one (A.17) up to renaming variables. This is due to the fact that
L0 has not changed with respect to the democratic case (while taking θ
+ → θ and θ− → χ).
However, the M0 action now receives contributions from fermionic generators. In particular,
it contains a term 12θ∂χ whose action on the OPE is able to mix what we called the tilded
and untilded sector in the last subsection. In general, we can write the OPE as
Φm(t, x, θ, χ)Φn(0, 0, 0, 0) =
∑
p,{N},α
e−
x
t
ξmnpt−∆mnp+N−αxα
(
γp,{N},αmn t
−R+S
2 (θ)R(χ)S
+ γ˜p,{N},αmn t
R+S−2
2 (θ)1−R(χ)1−S
)
L−{k}M−{l}G−{r}H−{s}Φp(0, 0, 0, 0) . (A.24)
Here R (S) is 0 for an odd number and 1 for an even number of Gr (Hr) descendants and
we have introduced the OPE coefficients γ
p,{N},α
mn and γ˜
p,{N},α
mn . By comparing with the three
point function we find γ
p,{~0},0
mn = c
p
mn and γ˜
p,{~0},0
mn = c˜
p
mn, but unlike in the democratic case,
at higher levels the coefficients γ
p,{N},α
mn do not correspond solely to terms related to c
p
mn and
likewise for γ˜ and c˜. Another novel feature is that now the range of α is runs from 0 to the
number of M insertions in the descendant plus 1 if the number of H insertions is odd at half
integer level.
Generically, the OPE coefficients can be computed in a similar fashion as the last subsec-
tions, now by acting on the three point function (5.23) with the differential operators (5.4)
and comparing like powers of x, θ and χ∑
α
(−)R+Sxα
(
γp,{N},αmn θ
R χS + γ˜p,{N},αmn θ
1−R χ1−S
)
= (A.25)∑
{N ′}
exξmnp(M{N},{N ′})−1δH+{s}δG+{r}δM+{l}δL+{k}〈∆p, ξp|Φ(t, x, θ, χ)|∆n, ξn〉
∣∣∣
t=1
.
To find the dependency of the OPE coefficients on solely cpmn (or c˜
p
mn) one can simply replace
the three point function above by 〈ΦpΦmΦn〉c(c˜) defined in (5.23).
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The result for the γ coefficients up to level 1 reads:
level 12 : γ
p,{0,0,12 ,0},0
mn =
ξpmn
2 ξp
cpmn +
c˜pmn
2ξp
, (A.26a)
γ
p,{0,0,0,12},0
mn =
ξpmn
2 ξp
cpmn −
c˜pmn
2ξp
, (A.26b)
γ˜
p,{0,0,0,12},0
mn =
cpmn((∆m −∆n)ξp − (ξm − ξn)∆p)− c˜pmn∆p
2ξ2p
, (A.26c)
γ˜
p,{0,0,0,12},1
mn =
c˜pmn
2ξp
, (A.26d)
level 1 : γp,{1,0,0,0},0mn = γ
p{0,1,0,0},1
mn =
ξpmn
2ξp
cpmn , (A.26e)
γp,{0,1,0,0},0mn =
2((∆m −∆n)ξp − (ξm − ξn)∆p)cpmn + c˜pmn
4ξ2p
, (A.26f)
γ˜p,{1,0,0,0},0mn = γ˜
p{0,1,0,0},1
mn =
ξpmn
2ξp
c˜pmn , (A.26g)
γˆp,{0,1,0,0},0mn =
2((1 + ∆m −∆n)ξp − (ξm − ξn)∆p)c˜pmn + cpmnξ2pmn
4ξ2p
, (A.26h)
γ
p,{0,0, 1
2
, 1
2
},0
mn = −
ξ2pmn
4ξ2p
cpmn , (A.26i)
γ˜
p,{0,0, 1
2
, 1
2
},0
mn = − 1
4ξ2p
c˜pmn . (A.26j)
And all coefficients up to level 1 which are not listed here vanish. The derivation of these
coefficients by recursive relations is complicated by the fact that the coefficient mix among
the two sectors. We hence refrain from listing the recursive relations for the despotic case
here.
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